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INl'KODLCriON. 

The  late  director  of  the  G-.-ological  Survey  of  Canada,  Dr. 
George  M.  Dawson,  in  his  address  before  the  Geological  Section 
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of  the  British  Association,  at  the  Toronto  meeting  in  1897,  men- 
tioned, in  |)assing,  that  the  topographic  features  of  the  Archxan 
areas  of  North  America  were  those  of  a  peneplain.  During  the 
past  seven  summers  the  writer  has  had  the  opportunity  of  study- 
ini^  in  more  or  less  detail  considerable  areas  around  the  southern 
portion  of  this  Archiean  region  extending  from  Lake  Champlain 
in  the  cast  to  the  Hudson  Bay  divide  in  central  Kcewatin.  In 
a  paper  |)ublished  two  years  ago  (41)'  attention  was  drawn 
to  some  of  the  geographic  features  of  the  southern  margin  of 
the  Arch.-can  belt  within  central  Ontario.  In  the  present  paper, 
with  the  nid  of  the  numerous  accounts  of  travels  and  reports  of 
explorations  in  various  parts  of  these  Archiean  regions,  these 
studies  have  been  extended  to  the  greater  areas  of  central  and 
eastern  Canada 

The  purpose  of  the  present  paper  is,  primarily,  to  draw  atten- 
tion to  the  physiographic  unit,  the  Laurentian  Peneplain,"  and  to 
present  a  brief  picture  of  its  more  salient  features;  and,  secondly, 
to  outline  a  few  of  the  almost  endless  variety  of  geologic  and 
geographic  problems  which  the  Canadian  shield  presents.  Many 
of  these  problems,  in  the  present  state  of  our  knowledge  of  the 
vast  area  here  under  discussion,  are  insolvable ;  many  perhaps 
will  never  be  solved;  but  none  the  less  it  is  interesting  to  review 
the  work  already  done  ani  to  consider  that  which  Ii'->  before  us. 

'The  number  refi  s  to  the  article  listed  with  corresponding  number  at  the  end  of 
this  paper.  A  following  number  indicates  the  page  reference  to  the  article  in 
question. 

'The  adjective  "  l.aurentlan  "  is  here  applied  to  this,  the  largest  peneplain  devel- 
oped in  Canada,  tu  distinguish  this  topographic  unit  from  others  of  a  similar  type 
also  found  in  Canada  or  in  the  adjacent  parts  of  the  United  States.  For  example,  we 
have  the  Atlantic  Coast  Peneplain,  parts  of  which,  under  the  title  of  the  Ne-*  England 
Peneplain,  and  the  Acadian  Peneplain  have  been  described  by  Davis  and  Daly 
respectively ;  the  Tertiary  Peneplain  of  British  Columbia  has  been  briefly  referred  to 
by  Dr.  Dawson,  and  the  Peneplain  of  the  Yukon  basin  has  recently  been  described  by 
H.  C.  Spencer,  G.  S.  A.,  May,  1903.  The  relations  of  these  minor  plains  to  the 
greater  area  here  under  discussion  are  not  yet  definitely  established.  As  will 
be  shown  in  the  succeeding  paragraphs,  the  Laurentian  Peneplain  itself  is  not  a  single 
plain,  but  rather  is  made  up  of  a  series  of  facets  intersecting  at  very  low  angles,  three 
of  which  are  distinguishable  south  of  llie  main  divide,  so  that  there  are  probably  at 
least  live  facets,  and  perhaps  more.  It  has  not  been  deemed  advisable  at  present  to 
suggest  names  for  Ji  .-^o  facets. 
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Sketch  map  to  show  the  area  included  by  the  l.aurentlan  I'eneiilaiii.      1  hi 
plain  area  i%  shaded. 
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It  is  not  pro|)oscd  in  the  prcsont  i>.i|>cr  to  enter  u|M»n  anv  iIIhcus- 
sion  of  the  strictly  j;coloj{ic  |irohlein!<  ofterc«l  l»v  the  rocks  ol 
the  area — such  as  a  consideration  of  the  strati){ra|>hv,  origin, 
and  relations  of  the  metamorphic  ami  i){ncouH  rocks  of  the  >;reat 
Archican  complex. 

TlIK    lANAPIAN    OI.IM  AMI. 

In  its  general  features  eastern  North  \n)eric.<  presents  in  a 
most  striking  manner  and  on  a  large  m  alt- what  may  be  regarded 
as  a  typical  development  of  physiographic  forms  characteristic 
of  a  belted  ancient  coastal  plain  centered  arouml  an  oldland 
area.  The  Canadian  shield  of  Su«-  1,  the  are.i  whose  general 
physiographic  features  are  to  be  nice  particidarly  described  and 
discussed  in  the  succcctling  |)ages  of  this  pa|ier,  marks  the  site 
of  the  oldland  area  from  which  the  materials  of  the  later  sedi- 
mentary deposits  were  ileiived.  A  referer.ce  to  the  acc(j  .  Mny- 
ing  sketch  map  (inset)  will  show  the  general  U  form  of  this 
oldland  area,  which  extends  from  Coronation  (lulf  in  the  extreme 
northwest,  southward  around  Hudson  Bay  ami  northward  throi.^;h 
Labrador  to  HafTin  Land  and  beyond.  Its  wiilth  varii  totn 
nearly  a  thousand  miles  in  Labrador  to  about  two  hundn.  1  mlos 
in  the  country  southwest  of  James  Bay 

Bordering  the  oldland  on  its  convex  side,  and  extentling 
from  the  island  of  Anticosti  in  the  Gulf  of  tht  St.  Lawrence 
westward  and  northward  as  far  as  the  Arctic  circle,  and  probably 
beyond,  we  have  a  series  of  land  forms  presenting  on  the  grand- 
est scale  the  general  features  of  an  ancient  belted  coastal  piain, 
in  its  present  aspect  much  modified,  it  is  true,  from  normal  form 
— a  modification  probably  due  to  the  operation  of  relatively 
recent  processes,  differential  u|)lift,  and  glacial  action.  The 
belted  coastal-plain  features  arc  best  preserved  in  the  region  ol 
the  Great  Lakes.  The  most  prominent  topographic  feature  of 
this  costal  plain  is  the  Niagara  cucsta,  which  can  be  traced  with 
varying  expression  from  near  Rochester,  on  the  south  shore  of 
Lake  Ontario,  westward  as  far  as  the  state  of  Wi.sconsin,  beyond 
which  it  disappears  for  a  time  beneath  the  drift,  but  reap|)ears 
to  the  west  of  Lake  Winnipeg.  Lakes  Krie,  Huron,  Michigan, 
Manitoba,  and  Winnipegosis  are  situated  upon  the  outer  lowland  ; 


6i^ 


ALFRED  W.  G.   WILSON 


Lake  Ontario,  Gcortjian  Hay,  Green  Bay,  and  Lake  Winnipeg  lie 
upon  the  inner  lowland  in  front  of  the  cuesta.  Lake  Superior 
lies  in  a  depression  away  from  both  lowland  and  cuesta.  The 
|)ortion  of  the  ancient  coastal  plain  in  the  vicinity  of  the  Great 


KiG.  I. —  Sketch  map  of  the  I.aurentian  Peneplain  and  the  country  adjacent  — 
west  and  southwest  of  Hudson  Hay. 

Lakes  |)rcsents  in  general  aspect  and  in  its  present  attitude  the 
normal  features  of  such  a  plain,  with  numerous  drainage  modifi- 
cations due  largely  to  differential  uplift  and  glacial  ice  action. 
The  portion  of  the  plain  which  lies  west  of  the  oldland  area  is  at 
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present  in  such  ;in  attitude  that  practically  all  the  streams  How 
against  the  dip  of  the  rocks  —  a  direction  opposite  to  th.it  noi- 
mally  found  on  a  belted  coastal  j>lain — ^a  nioiiituatiou  in  this  case 
apparently  due  to  the  uplift  of  the  Conlilleran  svslein  on  the  west. 
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KlG.  I.     Sketch  map  of  the  l..-iurentian   Peneplain  ami  the  country  adjacent 
south,  southeast,  and  ea^l  of  Hudson  liay. 

On  the  southeast  side  of  the  oldland  the  valley  of  the  St. 
Lawrence  lies  on  a  lowland  cut  on  Paleozoic  sediments,  ami 
shows  at  the  extreme  west  in  the  valley  of  the  Ottawa  River,  and 
at  the  east  in  the  Mingan  Islands  and  the   Island  of  Anticosti, 
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typical  cucstas  with  inner  and  outer  lowlands.  In  the  central 
parts,  in  the  vicinity  of  Montreal,  the  relation  of  the  plain  to  the 
oldland  areas,  which  stand  boldly  above  it  on  either  side,  sug- 
gests that  here  the  Paleozoic  sediments  may  have  been  deposited 
in  a  pre-Paleozoic  depression  of  the  graben  type.  The  well- 
known  Monteregian  hills,  the  stubs  of  post-Devonian  volcanoes, 
form  prominent  biittcs  rising  to  a  considerable  elevation  above 
the  level  of  the  St.  Lawrence  lowland. 

On  the  concave  side  of  the  oldland  area  we  find  traces  of  an 
ancient  belted  coastal  plain,  convex  southward,  but  for  the  most 
part  its  features  are  buried  beneath  the  deposits  which  form  the 
recent  Hudson  Bay  coastal  plain. 

EXPLOR.XTION    AND    SURVEYS. 

The  Laurentian  Peneplain  extends  through  about  fifty-eight 
degrees  of  longitude  and  about  twenty-three  degrees  of  latitude, 
covering  in  all  an  area  of  over  two  million  square  miles.  During 
the  ten  centuries  that  have  elapsed  since  the  first  daring  Norse 
mariner  lai  '  'i  on  its  eastern  shore,  many  explorers  have 
traveled  aloii„  the  margins  of  the  area,  and  not  a  few  have 
traversed  it  in  diverse  directions.  The  early  explorers,  repelled 
by  the  bold  and  forbidding  coast  formed  by  the  eastern  edge  of 
the  u|)lifted  peneplain,  along  the  northwest  shore  of  the  Gulf  and 
River  St.  Lawrence,  chose  rather  the  easy  route  offered  by  the 
free  navigation  of  the  great  river,  and  penetrated  to  the  heart  of 
the  continent  and  to  the  more  inviting  areas  l\ing  to  the  south 
of  the  great  Arch.-ean  belt,  long  before  traverses  were  made 
across  the  peneplain  itself.  At  a  later  period  the  active  searches 
instituted  to  discover  a  short  route  to  China  led  to  the  discovery 
of  Hudson  Bay.  The  continued  search  for  the  northwest  passage 
and  the  attractions  offered  by  the  profits  of  the  fur  trade  resulted 
in  the  exploration  of  portions  of  the  coasts  of  this  inland  sea, 
and  in  the  establishment  on  its  shores,  more  than  two  hundred 
years  ago,  of  trading  posts,  some  of  which  are  still  in  existence 
at  the  present  day.  In  the  interests  of  the  fur  trade  many 
traverses  of  the  district  were  made  by  the  employees  of  the  great 
trading  companies,  both  northward  from  the  early  French  settle- 
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nients  and  southward  and  westwartl  from  the  Knjflisli  posts  on 
Hudson  Bay.  Records  of  some  of  these  exploratorj  journeys 
and  records  of  the  travels  of  the  Jesuit  missionaries  are  still 
extant.  Later  explorations,  incident  to  the  continued  search  for 
a  northwest  passage  from  Hudson  Bay,  led  several  (larties  across 
the  far  northwest  portion  of  the  area.  Until  <|uite  recently  the 
imperfect  records  of  these  travelers  constituteil  the  only  available 
accounts  of  large  areas  of  the  interior. 

The  period  of  active  geographic  and  geologic  investigation  of 
this  region  really  began  about  fifty  vears  ago  with  Logan's 
historic  work  on  the  geology  of  the  Archa-an  districts  north  of 
the  Ottaw?  River.  Since  that  time  more  or  less  systematic 
geographic  and  geologic  explorations  have  been  carried  t>n, 
chiefly  by  the  Geological  Survey  of  Canada,  but  in  part  by  the 
Topographic  Survey's  branch  of  the  DepartUicnt  of  the  Interior 
at  Ottawa.  At  present  we  have  at  least  a  general  knowleilgc  of 
the  main  geographic  features  of  the  Laurentian  Pene|)lain, 
although  much  still  remains  to  be  done. 

The  information  used  in  the  present  paper,  outside  that  from 
the  writer's  personal  observations,  has  been  derived  chiefly  from 
the  reports  of  the  explorations  of  A.  P.  Low  in  Labratlor,  of  Ur. 
Robert  Bell  and  Dr.  A.  E.  Barlow  in  the  districts  to  the  south 
and  southwest  of  James  Bay,  and  of  J.  B.  Tyrrell,  and  J.  W. 
Tyrrell  in  the  country  to  the  east  of  Hudson  Bay.  In  the  papers 
by  A.  P.  Low,  J.  B.  Tyrrell,  J.  W.  Tyrrell,  and  Dr.  (leorgc  M. 
Dawson,  to  which  reference  is  made  below,  nearly  complete 
bibliographies  will  be  found  dealing  with  the  literature  of  the 
subject.  It  does  not  seem  necessary  to  reproduce  the  biblit)g- 
raphy  here. 

The  writer  is  indebted  to  Mr.  A.  P.  Low,  of  the  Geological 
Survey  Department,  Ottawa,  for  some  suggestions  to  which  due 
reference  is  made  in  the  text,  and  also  for  a  number  of  photo- 
graphs from  central  Labrador,  from  which  Figs.  2,  3,  4,  5  and 
1 3  were  prepared.  He  wishes  also  to  acknowledge  his  indebted- 
ness to  Dr.  F.  D.  Adams,  of  McGill  University,  Montreal,  and 
to  Bailey  Willis,  of  the  U.  S.  Geological  Survey,  for  critical 
readings  of   portions  of   the  manuscript  of  this  paper.     To  Dr. 
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Adams  also  the  author  is  indebted  for  th       u 
"'h.ch  Figs.  6.  7  and  8  .ere  prepared      Hk  ''''°'«^"P''s   f 
edge  the  kindness  of  Mr  James  AS  I  ^  ^°  '°  ^^"^"^ 

.nterior.  from  whom  the  phoToLaphsTo         '^"'^"  '"'""'^^"  '^^ 
and  ,2  were  obtained.  '''°8^'"P''^  '«  Prepare  Figs.  9.  ,0. 

The  original  photographs  from  which  the  fi. 
are  deposited  in  the  Collection  of  r     ,  .^"■"^  ^^''^  '"' 

McGill  University.  Montrel'  ^^«'°»'"'   Photographs 

I-HysiOr.RAPHIC    CONTROLS 
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the  region  from  Hamilton  In  t  o  nl""'"*'''"^  ^"  ^"°" 
Lake,  the  trees  increasing  in  "ill  7„ ;°^*''.*^^'  -'  Great  Slave 
latitude.    InthecentralnarflV    .  ^a'-'ety  with  decrease  of 

in.enerai.through:rt'hTrTgo;^::r;:-^     ^'''^-^^. 

structure  and  development  there  I     'r  if  7"' ''^ '"*""^' '" 
The  enormous  number  of  the  lak.J      /         diversity  of  detail, 
distribution  of  the  forests,  the  . General     'T"''  ''^  ^'^^^P^ead 
raphy.  and  the  climatic  .^haraSn  r    ""'/°™">'  °'  ^''^  ^opog- 
contributed  to  make  it  the  home  J    /h"        '''  "^""'  ''^^  «^' 
valuable  for  food,  and   whose  pelt    I  "'  T '"^'^  "^'^^^  «-"  is 
secondarily)  as  an  article  oTcomme:;:  "xh    '^  '"  '^'"'''"^  ^ 
character  of  the  region   the  rh      ^'"-     ^^e  remarkablv  even 
tection  offered  by  d  m;t  c  con^'"  °'  ^"^  «°--  "^  ^h'e  pro- 

t'^e  existence  of  Lse  v^^  herd^  naZu  T  ""'''  ^°^^^'^ 
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:  herds  of  buffalo  which  roamed  the  great  plains  of  tfic  Wi-st  until 
after  the  advent  of  the  destructive  white  man )  which  at  jirt-sent 
roam  over  the  barren  grounds  (sec  Fig.  S).  The  character  of  the 
country  makes  the  continued  existence  of  the  fur-bearing  and 
game  animals  possible.  The  widespread  distribution  of  these 
animals,  the  chief  support  of  the  inhabitants,  has  led  to  the 
scattering  of  the  people  over  the  whole  area,  and  to  the  devel- 
opment of  more  or  less  nomadic  habits  and  customs. 

The  Indian  inhabitants  of  the  region,  living  chiefly  on  the 
products  of  the  chase,  have  here,  from  time  immemorial,  found 
their  hunting-grounds.  The  numerous  lakes  and  streams,  then 
as  now,  were  the  only  lines  of  communication  in  all  that  vast 
area.  Their  distributio.i  through  all  parts  of  it,  and  the  com- 
parative ease  with  which  traverses  from  one  body  of  water  to  the 
next  can  be  made,  enabled  these  people  to  wander  unimpeded 
over  the  whole  region.  The  customs  of  these  people,  in  the  sev- 
eral parts  of  the  area,  differ  but  little;  in  language  there  are 
greater  differences,  but  over  very  large  areas  the  speech  is 
the  same.  Probably  nowhere  else,  over  so  large  an  area,  have 
scattered  communities  been  found  which  have  retained  so  well 
their  communal  ch  'eristics.  In  language,  customs,  and  cul- 
ture they  differ  gre;  £rom  the  various  tribes  found  in  the  moun- 
tainous districts  of  British  Columbia.  In  some  of  the  still 
unexplored  parts  of  the  region  there  are  Indians  who  have  never 
yet  seen  a  white  man,  unless  perhaps  some  half-breed  trader. 

On  the  other  hand,  to  the  average  white  man,  with  his  differ- 
ent modes  of  living,  the  region  with  its  exceedingly  limited 
agricultural  possibilities,  has  always  been  inhospitable.  He  has 
displaced  the  Indian  in  the  fertile  plain  regions  which  border  the 
peneplain  area  to  the  south  and  west.  The  last  remnants  of 
some  of  these  displaced  tribes  still  survive  upon  these  uplands, 
and  still  eke  out  a  more  or  less  precarious  existence  on  the  products 
of  the  chase.  To  the  white  man,  however,  the  region  offers  other 
inducements  which  lead  to  the  temporary  occupation  of  local 
areas.  Tue  degradation  which  produced  the  pene|)lain  has  not 
only  made  possible  the  widespread  forescs,  but  has  also  exposed 
valuable  mineral  deposits  that  otherwise  would  not  have  been 
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accessible.  The  region  is  thus  of  the  utmost  importance  as  th 
source  of  almost  a  world's  supply  of  timber,  and  of  the  prod 
ucts  of  the  mine,  more  particularly  iron  ore. 

The  journeys  of  the  early  explorers    across   the  region  wcr 

possible  because  of  the   character  of  its   topographic    features 

Thev  were  undertaken  by  the  early  missionaries  almost  always 

and  by  the  fur-traders,  frequently,  to  visit  the  wandering  Indian 

scattered  throughout  the  region.     The  fur-traders  often  under 

took-  journeys  solely  for  the  pupose  of  hunting.     The  stories  o 

the  travels  of  these  early  missionaries  as  told  by  Parkman  anc 

others,  and  the  history  of  the  great  fur  companies,  incidents  o 

which  form  the  historic   foundation  of  many  tales,  afford  somt 

of  the  most  fascinating  chapters  in  t  le  history  of  Canada,  and  ir 

the  study  of   the  physiographic   controls  of   this  region.     Th« 

early  e.xploration  of  the  eastern,  central,  and  southern   part  ol 

the  western  arm  of  the  area  were  largely  made  by  the  earl  ,•  Jesu' t 

•iiissionaries  and  the  em|)loyces  of  the  great  trading  companies. 

The  exploration  of  the  far  northwest,  on  the  other  hand,  wi'h 

the  exception  of  three  years'  adventurous  wanderings  of  Hearnc, 

an  employee  of  the  Hudson  Bay  Company,  were  merely  incidental 

to  the  continued  search  for  a  possible  northwest  pa.ssage. 

The  climatic  conditions  of  the  far  northwest;  and  the  absence 
of  soil  in  any  considerable  amount  from  the  Labrador  areas  and 
the  country  just  north  and  west  of  Lake  Superior,  means  that 
these  regions  will  always  be  shunned  by  the  majority  of  white 
men  in  search  of  a  permanent  abode.     There  are,  however,  con- 
siderable areas  where  there  is  a  good  soil  cover,  generally  of 
fine  glacial  or  lacustrine  clays  and  sands,  which  are  habitable 
and  lie  within  the  wheat  belt.     The  largest  of  these  lies  between 
James  Bay  and  the  Lake  Superior  divide.     Smaller  areas,  now 
partly  occupied,  occur  in  the  vicinity  of  Lakes  Temiscaming  and 
St.  John.     The  region  is,  however,  one  of  great  promise  in  another 
respect.     Under  progressive  governmental  control,  and  the  com- 
petent supervision  of  trained  forest  engineers,  it  could  be  made 
an  immense  permanent  forest  reserve,  a  source  of  timber  for 
many  centuries  to  com.-.     At  present  the  timber   resources  are 
being  rapidly  exhausted,  and  practically  no  provision  is  made  for 
the  restoration  of  the  forests. 
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Until  the  work  of  scientific  exploration  was  undertaken  by  the 
government,  little  valuable  information  about  the  resources  of 
the  area  was  avail, .ule,  although  much  hail  been  jjathcreil  in  the 
preceding  two  humlred  years  by  the  employees  of  the  I'rcat 
trading  companies.  This  inforntation  was,  however,  kept  'luiied 
in  their  archives,  since  the  policy  t)f  these  companies  required 
that  the  richness  antl  extent  of  their  domain  be  kept  secret  as 
much  as  possible. 

The  beauty  and  diversity  of  the  scenery,  the  innumerable 
lakes  and  waterways,  the  fascination  of  the  dense  forests,  the 
salubrity  of  the  upland  climate  during  the  sumnur  season,  and 
the  opportunities  afforded  for  exercising  the  inn.ite  hunting 
instincts  present  in  nearly  every  man,  will  more  antl  more  make 
the  accessible  portions  of  the  region  the  resort  of  those  whc 
would  for  a  time  leave  the  tiring,  nerve-straining  experiences  of 
our  modern  cities  behind  them  and  find  ipiiet,  rest,  and  health  in 
the  peaceful  wilds  of  the  Laurentian  I'cneplain  of  Canad.T. 

THE    DATE    GF    EMEBCENIE    OF    THE    CANADIAN    SHIII-D. 

The  earlier  studies  of  Walcott  (39)  on  the  Cambrian,  and  the 
recent  investigations  of  Ulrich  and  Schuchert  on  tne  later 
I'aleozoic,  fauras  of  North  America  have  led  to  the  conclusion 
that 

the  present  North  American  continent  w.is  in  existeme  .in<l  practically 
in  full  development  as  land  at  the  close  of  AI>;onkian  time,  and  that  since 
that  period,  the  Canar  -n  s'.ield  and  other  smaller  Archcan  land  areas  have 
never  been  wholly  submcrRed.  The  perindic  encroachment  of  the  sea  on  the 
Canadian  shield  attained  considerable  tMiiit  on  the  north  and  west  and  more 
particularly  on  the  south.  The  east  shore,  on  the  contrary,  remained  nearly 
the  same  till  comparatively  recent  time  probably  I'ost-crctaceous.  (37, 
p.  659.) 

Accepting  these  conclusions,  it  would  naturally  follow  that  a 
land  area  exposed  for  so  long  a  time  as  has  since  elai>scd  would 
have  undergone  extreme  degradatioii,  and  we  should  naturally 
expect  to  find  it  exhibiting  all  the  features  characteristic  of  the 
penultimate  stages  of  the  geographic  cycle. 

On  the  other  hand,  if  we  investigate  the  features  of  the  region 
under  discussion,  we  are  led  to  similar  conclusions.     The  vcrv 
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even  surface  of  the  area,  in  almost  every  part  from  Labradt 
south  around  Hudson  Hav  to  the  Arctic  Ocean,  is  found  t 
truncate  the  structure  of  intensely  metamorphosed  igneous  an 
sedimentary  rocks,  irrespective  of  their  hardness  or  attitudt 
The  mctamorphism  is  such  as  to  imply  that  they  have  been  i 
one  time  buried  deeply  beneath  the  surface  of  an  overlying  Ian 
mass,  and  have  been  subjected  to  the  strains  and  stresses  c 
intense  orogenic  movements.  The  removal  of  overlying  mas 
of  rock  must  have  occupied  an  immense  interval  cf  time.  Ho\ 
great  it  is  impossible  to  say.  For  part  of  the  area  at  least,  thi 
degradation  took  i)Iace  before  late  Paleozoic  time,  for  we  fini 
Paleozoic  sediments  resting  upon  a  modified  peneplain  surface 
It  seems  probable  that  foi  the  central  portions  the  interval  wa 
much  longer.' 

In  brief,  a  study  of  the  physiographic  features  of  the  Lauren 
tian  Pene|>iain  must  undoubtedly  lead  to  the  conclusion  that  th( 
Canadian  shield  has  been,  for  an  exceedingly  long  interval  o 
time  exposed  to  processes  of  erosion  which  were  chiefly  subaerial 
and  a  study  of  the  relations  of  the  central  peneplain  surface  tc 
the  surface  upon  which  the  Paleozoic  .sediments  around  tht 
margin  rest  shows  that  at  least  parts  of  the  peneplain  wer< 
produced  before  later  Paleozoic  times.  It  is  only  by  stratigraphic 
studies,  however,  that  approximate  dates  can  be  assigned  for  the 
origin  of  specific  features. 

FEATL'RES    OK    TI!       PLAN.VnON    SURFACE. 

I.  Character  of  the  sky-line. — The  most  dominant  and  striking 
feature  of  the  whole  region,  from  the  northern  part  of  the  interior 
of  Labrador  following  approximately  the  median  line  of  the 
region  around  to  the  south  of  James  Bay  and  northwest  toward 
the  Arctic  Ocean,  is  the  remarkably  even  character  of  the  sky- 
line. With  few  exceptions,  to  be  noted  elsewhere,  almost 
everywhere  in  the  interior  it  is  found  that  from  any  slight  eleva- 
tion, which  lifts  the  observer  above  the  tree  line,  the  bounding 
horizon  is  very  even  and  almost  circular.     The  many  traverses 

I  It  must  be  noted  in  this  connection  that  Lawson,  writing  in  1888,  dissents  from 
the  view  that  the  .\rchxan  rocks  were  ever  elevated  into  mountains  (18,  p.  23). 
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which  have  been  made  across  the  iliffcrcnt  parts  of  the  area  show, 
particularly  for  the  western  portion  of  the  peneplain  between 
the  lireat  Lakes  ami  the  Arctic  Ocean,  that  for  many  miles 
the  greatest  elevation  is  often  not  over  fifty  feet  higher  than  the 


Fio.  2.— Eait  coa»t  of  Hudson  Bay,  »ix  miles  up  llie  l'o«  'nxniluk  River.     Kleva 

tion  50',  looking  inland. 

(/'kotognif'h  hy  A.  /'.  I ou;  iS,j<i.t 

adjacent  lowest  depression,  and  as  a  rule  the  actual  surface  may 
be  described  as  gently  undulating.  Occasionally  the  measure  of 
relief  may  equal  one  hundred  feet,  but,  particularly  in  the  western 
arm  of  the  peneplain,  elevations  of  this  amount  are  prominent 


Fig.  3.— East  side  of  Hudson  Bay,  thirty  miles  up  Sorehead  River.     Klcvalion 
about  150',  looking  inland. 

( /Mo/op r.i/A  /<}■  •'•  /'•  /on'.  '.?<W  ) 

landmarks,  visible  for  many  tniles,  and  from  a  distance  are  fre- 
quently seen  to  stand  above  the  even  sky-line  'f  the  adjacent 
regions,  so  that  they  may  more  properly  be  classed  as  itionad- 
nocks.  In  the  country  to  the  south  of  James  Hay  the  measure 
of  relief  is  somewhat  greater,  but  the  even  sky-line,  occasionally 
intercepted  by  residuals,  is  still  the  dominant  topographic 
feature.     In  the  eastern   portion  of  the   peneplain  for  long  ilis- 
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tanccs  in  the  central  parts  the  surface  is  practically  the  sani 
on  the  western  half.  Toward  the  marjjins  it  is  more  ruggc 
uneven,  while  toward  the  extreme  northeast,  close  to 
Atlantic  coast,  there  is  a  narrow  ranjjc  of  mountains  ri 
prominently  above  the  ,)encplain  surface. 

When  the  character  of  the  surface  is  considered  more  in  dt 
it  is  found  that,  except  for  some  very  small  areas,  and  in  pi 
where  the  peneplain  surface  is  buried  beneath  the  much  youi 
gLicial  and  alluvial  deposits,  the  surface  is  nowhere  (luite 
but  is  covered  with  low,  rounded  domes  and  ridj;fes.  which 
roughly  parallel  to  themselves  and  whose  longer  axes  conl 
in  general  to  the  strike  of  the  rocks. 

The  remarkably  even  character  of  the  skyline  together 
the  \iniver.sal  distribution  of  many  large  and  small  lakes  at  Ic 
little  below  that  of  the  even  sky-line,  justifies  the  assumj 
that  differences  of  elevation  between  different  water  bodic 
the  depresiions  upon  the  surface  of  the  plain  represent  clc 
the  differences  in  elevation  between  portions  of  the  penc| 
adjacent  to  each  of  these  water  bodies  respectively.  On 
basis  it  will  be  found  th.it  the  average  gradient  varies  in  di 
cnt  parts  from  one  to  about  four  feet  per  mile.  For  exan 
between  Selwvn  Lake  (1.340')  and  Doobaunt  Lake  (5c 
along  the  line  of  the  Doobaunt  River,  west  of  Hudson  Bay 
average  gradient  is  2.8  feet  per  mile  for  a  distance  of  appi 
mately  300  miles.  A  section  eastward  from  Cree  Lake  (1.5 
to  the  junction  of  the  Churchill  and  Little  Churchill  R 
shows  an  average  gradient  of  1.8  feet  |)er  mile  for  450  n 
A  study  of  the  profiles  of  the  Canadian  Pacific  Railway  beti 
Montreal  and  Winnipeg,  where  the  line  runs  over  the  upl 
shows  between  Buda  (1,472')  and  Brule  (1,355')  *  f^^'  o^ 
feet  in  a  distance  of  146  miles;  between  Cartier  (1.398') 
Lac  I'oulin  (1.504')  the  risin^  gradient  is  106  feet  in  a  dist 
of  129  miles.  In  central  Labrador  a  section  between  1 
Nichikun  (1.760')  and  Lake  Kaniapiskau  (1.850').  and  th 
to  Lobstick  Lake  (1.630')  above  the  Grand  Falls  on  the  H; 
ton  River,  shows  an  ascending  gradient  of  90  feet  in  the 
100  miles,  and  then  a  descent  of  220  feet  in  200  miles,  or  a  i 
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Igradicnt  of  approximately  a  foot  per  mile.  In  a  direction  aloti^ 
[the  divide  (1,550')  fr»>m  southeast  of  I.akc  Mistassiniii  to  l.akc 
fKaniapiskau  (I.850')  the  r»in>j  gradient  is  almost  exactly  one 
jfoot  per  mile. 

Bv  wav  of  comparison,  from  the  profiles  of  the  Canadian 
Pacific  Railway  between  Winnipeg?  (75"  )  and  Calgary  (3.428  ) 
in  th  foothills  of  the  Rockies,  the  uradient  is  found  to  he  3.18 
feet  per  mile.  Between  Kdmonton  (^,407)  and  Kast  Selkirk 
(744'  \,  alonir  the  old  location  line,  vui  the  Yellowhead  I'ass,  the 
gradient  is  2. 1  feet  |>er  mile.  In  each  of  the  above  cases,  if  shorter 
sections  are  taken  on  each  of  the  three  prairie  steps,  it  will  In- 
found  that  for  each  step  the  gradient  across  the  plains  is  much 
less  than  the  figures  here  given.' 

The  comparison  of  the  two  gradients  across  the  great  plains 
with  the  gradients  upon  the  peneplain  surface,  taken  in  conjunction 
with  the  character  of  the  sky-lines  in  the  two  areas,  shows  the 
appropriateness  of  the  term  "pene|)lain"  as  a  term  to  describe 
ti:e  principal  geographic  feature  of  this  topographic  unit. 

2.  Dtparturti  from  the  normal  ptncplain  type.  —  On  an  area 
reduced  to  a  peneplain  one  would  expect  to  find  a  gently  undulating 
surface,  with  the  larger  streams  meandering  in  broadly  open 
valleys.  Their  power  to  erode  would  long  before  have  begun 
gradually  to  diminish,  in  part  by  reason  of  the  lessened  rainfall 
due  to  the  reduced  elevation  above  sea-level,  in  part  because  of 
the  reduced  grade.  Their  sluggish  character,  diminished  w.iter- 
supply,  and  low  velocity  will  not  enable  them  to  transport  the 
waste  of  the  land  except  in  a  very  fine  state  of  division,  or  in 
solution.  Hence  the  surface  of  a  normal  peneplain  would  be 
composed  of  mantle  rock  of  considerable  depth,  at  the  surface 
very  fin*-  in  texture,  and  gradually  changing  with  depth  to 
unaltered  bed  rock.  A  very  even  surface,  deep  soils,  and  streams 
whirli  hnve  long  before  lost  the  adjustments  of  early  maturity, 
the  ab.^t  nee  of  lakes,  and  an  elevation  little  above  sea-level  must 
be  characteristic  features  of  a  land  area  which  has  been  reduced 

■In  the  profiles  taken  aloriK  the  lines  of  river  valleys  it  is  to  \x  noted  that  the 
distances  «re  estimated  in  straight  lines,  not  alon«  the  stream  courses.  It  will  he 
found  that  the  average  gradient  of  the  stream  course  is  much  le->9. 
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..  U,e  peneplain  n.na.t.-.n  by  the  procos.e.  of  suba.r.l  dcKrada- 

^'''w...ea>..a,s.nU,.thcl.u.n^^^^^^ 

,„  a  ,n..st  ..uUd  ;'^-;^'^^-;;  ^  l^Ldevoul  of  mantle 

rock   .«   .v//«.      \^' ';,,,;',,,,,,,,,,. .small  to  notice,  was  brought 
exceeclmK^y  .mall  amount,  alno.  ^^^^^^^  ^^  ^^^^^ 

,„.     ,       .mo^uon^^^^^^^ 

'"m  u'T.l  t,  "ul  waterfalls  are  the  most  character.st.c 
eslal.l.she  I  •   ^^      '  ^,,,  ,„,i,,  ,„Mace  of  the  country  .» 

fc..tures  ot  a  1  tlK  ^U  -in. .  ,,       ,,^,^,,\,,,;  i„   place, 

a.tteawth   lakes   ^.h.ch   arc    1  ^^^^   ^^^^^^^ 

their  area  approaches  -^^  -;;^^;;;*  „  .^^.^,,,,„,  j,esition  with 
„,,,  of  the  .--;'--;,  1.. :,:eo.plic..ted  and  contorted 
respect  to  sea-level.    Fhus.alino  K  /^  j        ^,,1^^ 

";■       "'^Hh       ;,ncc°  o   .ro<luctK.n  of   .h-   peneplain   »,..« 

;:tr;;:r;i:-->«--.  .^»."»«  •»  -  >-'-- 

n,ore  m  detail,  and  at  ^hc  >;         j,^^,    ,,,t  ^bout  these 

a  d.ttcrcnt,       V  ^^  ,^0  plain,  the  carving  of  deep 

r'7d"lles?orona  row  canvons.  seems  to  be  a  function  o 
';",  It  though  manv  of  th'e  f^rst  class  of  depressions  her 
L  u  te  I  mav  'antedate  the  peneplain.  The  absence  of  manU 
Tck  in  situ,  the  occurrence  of  the  numerous  lake  basms.  and  h 
".ttluy  of  the  drainage  systems  are  usually  attributed  to  th 

erosive  action  of  glacial  .ce. 

3.  Deta.led  descripHous  of  chr.racurtsHc  porttons  of  the  plaxn. 
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In  the  present  attitiulc  i>f  the  i>ene|ilain  the  hi^fhe-*'  •  lounil 

in  central   Lahrailor.  where,  to  the  MUith   i><  .i-  hikun,  it 

reaches  an  elevation  of  approximately  2.400  ''■»^'  '>»'ve  -ea-level. 
Tht  plain  slopes  outwanl  from  central  Labratlor  lowanl  lliulson 
Bav  an»l  the  (iulf  of  St.  Lawrence,  the  niaritins  of  the  plain  proju-r. 
near  the  coasts,  heinj{  at  considerable  elevations. 

In  his  report  on  explorations  in  Janus  Hay  and  in  the  country 
east  of  Huilst)n  Bay.  drained  by  the  Bii;.  lireat  Whale,  and  Clear- 
water Rivers.  Low  describes  the  interior  of  this  part  of  the 
peneplain  as  a 

ro\lf^U  lahle-laml  havinj?  an  elevatit>n  of  ab«iut  700  feet  afxi.e  scaU-vrl  near 
its  ednt.  ai"'  nlowlv  risinK  inlanil  to  over  1  jto  feet  at  its  hishest.  The  edge 
of  tfii«  tab'  anil  Icavrs  tfie  coast  to  tlie  '  <>rth  of  Caj>e  Jtmcs,  ai.d  tiins  in  a 
.S.  S  E.  direction,  so  that  to  the  soulfiwaril  then-  is  an  interval  vatMnK  from 
ten  to  thirty  miles  between  it  and  the  coast.  In  this  (Hirtion  the  general  level 
is  not  much  over  too  feet  al)ove  the  sea.  and  the  soil  is  of  fostlMnK-ene  clays 

ami  sands,  with  alluvium Ihe  land   is   rolling   and   broken   t>y   low 

rocky  .Xrch.can  hills,  which  make  up  aVxiut  one  third  of  the  entire  an-a. 
(23.  P-  '6)- 

The  same  writer  describes  the  area  of  country  stretching  from 
the  Gulf  of  St.  Lawrence  northwestward  to  Hudson  Hay  as 
a  low-lving  pl.iteau  of  Archa'an  rocks.  The  height  of  this  plateau  averages 
about  1,500  ft.  afMwe  sea-level,  and  rising  slowly  from  al>out  1 ,000  ft.  near  the 
edge  to  about  2,000  ft.  in  the  interior.  Th-:  surface  of  this  plateau  is  by  no 
means  flat,  being  covered  by  the  low  rounded  hills,  w'.  .h  ■..  •  .uuhU  ananged 
iiiaseriesof  ridges  more  or  less  parallel  to  thems.  vs  t-.d  v.i.  ■•<•■.  il  strike 
of  the  rocks.  These  hills  are  the  stubs  of  exten«.  t  .••iit  el»..-!-i  niiuntain 
chains  which,  from  exposure  to  sub.ifrial  denudati  -  .  f 
from  having  been  subjected  to  glacial  actiim  of  1  .,. 
been  ground  down  to  their  present  uniiiiposing  ■■••'. 
difference  of  le\el  between  these  ridges  and  the  v. 
small  he  hills  seldom  rising  100  ft.  above  the  genera 
approached  the  difference  is  more  marked,  the  long  a... 
having  deeply  cut  out  the  principal  valleys  below  the  sur.i  unding  country, 
thus  causing  a  more  marked  contrast  in  level,  and  at  the  same  time  much 
liner  scenery.     {24,  p.  14.) 

Summing  up  the  statement  of  a  series  of   levels   in   different 
parts  of  the  Labrador  area  Low  writes : 

The  interior  of  the  peninsula  is  almost  flat,  so  that  in  an  area  of   200.000 
square  miles,  there  is  not  a  difference  of  general  level  of  more  than  300  or 
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ALFRED  n'.  C.  WILSOS 

,1  i,.v.l  of  the  interior  is  under  2,500  teet. 
,00  feet,  ana  the  highest  Keneran.vc.  of  ^^^^^^.^^    ^^^^^^^^ 

Lit  of  land  somewhat  h.gher  ':-^^J\^  ,,„,^,,,,„  half  of  the  Atlar 
Lawrence  coast,  a  short  ''-'j;-;;;  7,i,,,,Wy  higher  than  any  other  port 
coast  ris.s  in  a  cha.n  of  ■"''"■'»'  ^^  .^„j  ^es  ern  coasts  there  is  no  ev.de, 
.f  ,,e  peninsula.  A....K  :^^.^;;  ' '  ,  V^oastal  ruige.  but  rather  a  ,.robab. 
r;::::;--rSrrs  towards  the  ,nter.or.(n  P.  ^ 


Kic.  4- 


.,„,enor  of  l-abrador.  country  "-'''^;;;^:;:;rt""-.  '^'^ 


^     V.ew  of  the  countrv  on  the    Hamilton  River,  about  fifty  »" 
..:::^.^X^  the  character  o,  the  in-ior  pUeau^^  ^  ^  ^  ^^^_  _  ^ 

over  fifty  miles.  abrador   division 

Tu     lit    I  nwrence  i>ortion  of   the   uao.du" 
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fit  were,  a  sag  in  the  surface  of  the  peneplain  between  these  two 
S locations.  The  margin  of  the  plain  parallel  and  close  to  the  St. 
:  Lawrence  River,  in  the  vicinity  of  the  outlet  of  the  Sagucnay 
River,  reaches  an  elevation  of  over  1.500  feet,  and  there  is  a  well- 
[defined  gentle  swell,  whose  height  approximates  to  thiselev.ition 


Kic.  6,— Looking  across  I.ake  St.  John  from  the  discharge  <>f  the  SaKuenay.  the 
margin  of  the  upland  makes  the  even  sky  line  in  the  background. 

(PholoRrafh  H'  Dr.  F.  D.  AJams,  iSS4.) 

extending  from  southwest  of  the  Saguenay  in  the  neighborhood 
of  Quebec,  for  a  considerable  distance  along  the  southeast 
margin  of  the  plain  to  below  the  St.  John  River.  Between  this 
swell  and  the  interior  main  divide  is  a  gentle  depression.  The 
lowest  part   of  this  depression   forms  the  well-defined  basin  of 


Ki<:.  7.— Central  Ontario.     The  upland  shows  the  less  even  sky-line  of  one  of  the 

pre  Paleozoic  facets.  .    ,     „     ,  .    ov 

(Photograph  by  Dr.  A.  /■..  Harlow,  iSgS.) 

(This  photograph  will  accompany  a  detailed  report  on  the  geology  of  this  area  l.y 
Dr.  K.  I).  Adams  and  Dr.  A.  K.  Harlow.) 

Lake  St.  John  (314').  in  this  particular  case  probably  located  on 
a  graben  block.  The  majority  of  the  streams  rising  near  the 
interior  divide  are  found  to  cross  this  marginal  swell  in  the 
juncplain  through  deeply  cut,  steep  sided  gorges  or  canyons. 
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u       .   .f   :.na  deepest  uf  these  is  the  gorge  of 
The  best  known,  broadest,  and  deepesi 

the  Sagucnay.  a  true  fio^j'-  .^  ,^  Lake  Superior,  and 

From  the  v.c.n.t,  of  '^^^^\  Lake  Athabasca,  and 

thence  /-'^^J^^V^lnve'nrr^     of  the  peneplain  is  bordered  • 
GrcatSlavc  Lake,  the  conjex.K  ^^^  ^^^   .^  ^j^^ 

by  ancient  ^^'^^^^  ;;j  ^r^eposits  are  found  resting  upon  its 

e.tren,e  "-     ^^^^^^ ^o^^^^^^^^^  ,L  of  the  peneplain  to  the  south 
surface      The  .nne  ^^^^^^.^^  ^^  ^^^  ^^^^^^         , 

and  west  of  James  «  >.  ^^  Paleozoic  sediments. 

';"?'f';:r  "C.:    c'h      the  rncient  peneplain  merges  gradually 
North  of  bort  cnurcnui  u„,Uon  Rav      The  northern 

,,Uh  the  modern  coastal  ^^^^^^^ ^^''^22:^-  passes  beneath 

''""Th.°Se  on  .hat  ,.arc  of  .he  anc.n.  1"-^'-"  ""'j;  °' 

.he   Caladian    Pacific,  and   con.innes  ,on.hwa,d.  crossing    h 
„.c,na.la,  boundary.     A  por.ion  o.  '"»  A-^^^/^f^    ■' 

Minnesota,  and  portions  of     ..      area  drain  in  ;  ,   j, 

Following  along  the  line  o.  the  western  margin  of  the  peneplaw 
Lwe  ^r   from  the  international  boundary  as  far  north  as  Meth 
portage    lat.   56°  4o'  N- :  long.   .09°  55'  W.)  the  main  divic 
elXt  of    the  peneplain   and   at  the  -^^^  '>  /^^^^f ^ 
Mountain  range.     A  subdivide,  a  little  to  the  east  of  Lake  W. 
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nipejj,  and  on  the  peneplain,  separates  the  headwaters  of  a  few 
short,  westerly  flowing  streams  from  the  waters  of  streams  ''owing 
to  Hudson  Bay.  All  the  waters  from  the  river  systems  whose 
chief  streams  are  the  English,  Red,  Assiiiiboine,  and  Saskatchewan 


v>*' . 


Fig.  8. —  Caribou  on  the  banks  of  the  Doobaunt  River,  Keewatin  District. 

(Pholonrafh  hy  J.  ft.  Tyrrell,  July  jo,  /Sgj.) 


KiG.  Q. —  Great  Slave  Lake,  looking  north  from  Fort  Smith. 

(Photoirafh  by  J.  W.  Tyrrell,  igoo.) 

Rivers  reach  Lake  Winnipeg  (710')  just  on  llic  margin  of  the 
plain,  and  thence  cro.-'?  the  plain  in  a  broad  shallow  depression, 
via  the  Nelson  River  to  Hudson  Bay.  North  of  the  Nelson  the 
Churchill  River  system  also  drains  a  considerable  portion  of  the 
central  plains  across  the  ancient  peneplam.     Still  farther  north 
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■  ,„c^ied  on  the  peneplain,  separating  the 
the  main  divide  .s  a^^..n  >°^'^'^'-^;  ^  ^er  of  iver  systems  whos. 
Mackcn.c  River  system  from  ..  numbcr^^^^  ^^   ^^.  ^^  ^^^  ^^^^^^ 

,„,i„  direction  of  flow^     J  ^^^^^^    .^   ^^^^^^  „,„„  valley 

half   their  courses,  ana   mtn 

toward  Hudson  Bay.  Labrador  the  mai 

•'''•^^'^'T'CTeCatt     of     bout   3.400  feet.     South  c 
divide  has  a  h.ilhest  ^l'^^*  '°"  jj^  „„  ^^e  peneplain 

J.....S  Hay  the  '^>-at.on  of  the  m  .    d^^^^^^     ^^  ^^^^^^  ^^ 

about  .400  fee    ^^^^  -    ^  .^^^^^  .^  ^^^  ^_^  ^^^^^.^^  ^^ 

,.„...hat  lo^ve^^     Nor  h^  ^  ^^^^,^^^^  , 

'•■'''  f  the  Herens  River  stands  at  about  I.400  feet  abo 

headwaters  of  the  Herens  iv  Churchill   River,   tl 

,„,    ..a.     In  the    '"^--.  "7^";;  ,,,.     The  divide   north 

elevation   in  places  "-J^^Jj  ^^^  ^^f  .bout  .,400  feet. 

-rrrH:r^t.::::nontheNipiss^andT^. 

.lu.ets  thus  describes  the  topography  of  a  port. 
:nh?i:;:-o;\he  peneplain  to  the  south  of  Jan^esB^ 

.Hat  of  an  uneven  -;"'''«  ^^.'^  ail  the  surface  of  this  plateau  is 
the  east  anci  southeast.     '  '^l^  ^^h  ^^  ^^^  ,  ^^^^  „a 

from  uniform. cons.stmg  of  a  ^""^"^^  ^  ^,^  j^^es.  stUl  the  district  : 

with  intervening  valleys  occup.ed  ^.  swarnps  or  ^^^^  ^^^^  ^^^ 

..hole  has  a  general  elevat.on  l^^J^l^l'^'l^^H  ,„aom  attaming  a  gre 

altitude  than    °°   "^^J";^  ,„„  f,,,  i„  height  are  rather  consp.cuous  t 
of  the  d,str>ct,  h.lls  of  50  ^>  ,^  ^^^  ^j^„,^      .,  j,  ,„„ated  nea 

graphical  features.     The  hignesi  .^  ^^^^  ^^j  , 

'nor  hwest  cornerof  the  Tem.scammg  sheet   .mm  ^^  ^^.^^   ^^ 

Evelyn  (Mus-ka.na-ning)  ^='''.^;^;^;7J  J"^^  „  Uttle  over  ,.0<x 
Mountain  is  the  highest  peak,  r.ses  0  the  he.ght 

above  the  sea,  accordmg  j"  j"-;  '^^^j^^.  •       ,^^  „„  the  general  contc 
The  influence  exerted  by  '*'™;;'V"f^,„„,iified   than   in   the    r 
.he   surface.   >s    perhaps   nowhe-J>;t        --^^^^^^^^^„       ,,„„, 

en>'>--^-->''^:7;;;,,  "v  i.u  Kne^esand  gran.tes  included  as 
the  prevarhng  -^l^^  ;  ,f  J^  ^J  ,^,  .eight,  the  general  surface  prese 
rentian.  there  are  no  hills  ot  .my  g  s  rounded  hills,  with  c 
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rating  the 
;nis  whose 
for  nearly 
un  valleys 

•  the  main 
South  of 
eneplain  is 
jlaces  it  is 
an  of  about 
ivide  at  the 
I  feet  above 
River,  the 
le   north   of 
3  feet, 
and  Temis- 
)f  a  portion 
James  Bay: 

it  described  as 
:  slope  toward 
s  plateau  is  far 
;1  rocky  ridges, 
le  district  as  a 
above  the  sea. 
lining  a  greater 
iroughout   most 
nspicuous  topo- 
ituated  near  the 
he  west  of  Laiy 
f  which   M-itle 
over  2,ooc      -'t 

neral  contour  of 
\  in  the  region 
portions,  where 
deluded  as  Lau- 
irface  presenting, 
lills,  with  corres- 
portion,  however, 
lose  in  which  the 


plutoiiic-  rucks,  chierty  granui-  and  diabase,  arc  prevalent,  rise  int"  rather 
important  elevations;  whilf  those  reijions  which  are  underlain  by  the  slatv 
member  of  the  Huroniaii,  arc  on  the  oihcr  hand  lim  ami  ll.ii.  A  rein.irk.ible 
resemblance  exists  between  the  contour  of  the  surface,  occasionul  by  the 
presence  of  the  diabase  rocks,  and  th.u  prodiiced  bv  the  hcavv  l)ecUlcil  ami 
massive  nuartzite,  that  forms  the  hif,'hest  member  uf  the  Mti'Dtiian  exposed  m 
this  district,  both  rising  into  comparatively  hii;h  rounded  or  limken  ridges  and 
rendering  the  stretches  of   country  where  such    rocks    [ircvai!,  excecdiiii'ly 

rough  ami  hillv This  rough  and  broken  contour  is  in  marked  contrast 

to  the  flat  surface  characteristic  of  the  region  in  which  the  slates  <>i>tain. 
(4P-  2>-) 

McOuat  also  draws  attention  to  tiie  general  level  character  of 
the  countrv  south  of  Lake  Abitibi,  and  mentions  the  occurrence 
of  two  remarkable  hills  which  rise  more  than  700  feet  above  the 
general  level.  Lawson  in  his  report  on  the  Rainy  Lake  country 
also  draws  attention  to  the  generally  even  character  of  the  sur- 
face, and  mentions  the  striking  contrast  offered  by  several  ritlges 
which  rise  prominently  above  the  generally  even  surface. 
(19.  p.  II.) 

Farther  northwest,  near  Lake  Winnipeg  we  find  "The  country 
near  the  river  (Herens)  ....  is  made  up  of  n-any  low  hum- 
mockv,  gneiss  hills,  which  seldom  rise  twenty  feet  above  the 
water,  and  are  partly  covered  with  a  heavy  clay  soil"  (Low,  21, 
p.  5).  Nearer  the  sub-divide  we  find  "The  surrounding  country 
is  a  vast,  level  swpmp,  broken  only  bv  a  few  knobs  of  gneiss, 
that  rise  from  ten  to  fifty  feet  above  the  general  surface" 
(21,  p.  n). 

Bell,  describing  the  country  along  the  upper  Albany,  also 
draws  attention  to  the  generally  level  character  ot  thedi-rict 
(7,  p.  18).  J.  H.  Tyrrell's  description  of  the  physical  features  of 
the  di>trict  along  the  line  of  the  Doobaunt,  Kazan,  aiul  Ferguson 
Rivers  is  as  follows  : 

The  general  relief  ot  the  whole  country  is  very  low  and  iiri pronounced, 
much  of  it  having  the  appearance  of  vast  undulating  plains  underlain  i)y 
sandy  or  stonv  till  and  covered  with  sluntc^i  spruce  and  larch  or  short  grass 
and  deciduous  northern  |>lants.  Here  and  there  rise  roMided  rocky  hills,  the 
highest  of  which  in  the  neighborhood  of  Kasba  Lake  have  altitudes  ot  .ibout 
1,700  feet  above  sea-level.  Northeast  of  Doobaunt  Lake  some  i>i  ninent 
hills  of  green  trap  ami  red  conglomerate  form  conspicuous  features  in  the 
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H„.lsc.pe      From  Kasha  and  Ualy  lakes  the  country 

rrr«?::'..-r,,i'i^;:.e... ........  H.a. ,.  («.  p.  .>■ 

Elsewhere  he  write. :  ^^^^^.^       ^^^^^^^  „,  j, 

Th.  i.oril.=.™""  !■»"  "'  ""■  '«'°  i„  „„.c„brian  lime.,  l>ee 

(35.1'-  ■^'*'  .. — — -' 


Again,  .n  a  no,e  on  the  PIci.toeene  ot  the  Northwest  Territo, 

of  Canada.  Tvrrell  writes  : 

,n  general  l'^>*'-\ ^^"^^^^^^^  ,i,.e  ..f  the  Canad:an  Pacific  R 

great  plains  west  of  ^''''"''"''7'°;'' ^^^^^       „„derlain  by  till  more  o.- 
way.  being  "-'"''^''"^  Sra-covered  co  n      .  y  ^^^^ 

,hicUly  stadded  wth  bou    -       u  d  K  ^^^^  ^^^  ,^ J^_^  ^^^^  ^^^^^^^ 

there  serves  to  remind  one  that  tne 

androckv.  (33.  I'-  395) 

4  Dnuna^e  featuns.-\  feature  characteristic  of  the  pre 
dra  na,:  of  tfte  peneplain  everywhere  f rortt  Labrador  to  nor  ^ 
Keewatin  and  Mackenzie  is  that  the  upper  courses  of  all  the 
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the  country 

it   reaches 

the  slope  is 

;34.  P-  '58-) 

led  and  dis- 

times,  been 

;d  contours. 


ickenzie. 
rrell,  /goo.) 

I  Territories 

y  resemble  the 
1  Pacific  Rail- 
l  more  oi-  less 
icting  here  and 
soft  Cretaceous 
Iter  abundance 
y  of  large  sub- 
:  the  shores  of 
1  Bay,  are  bold 

E  the  present 
r  to  northern 
jf  all  the  riv- 


ers upon  the  plain  consist  of  a  scrii-  of  chains  of  larije  and  small 
shallow  lakes  occui)yin^'  basins  w..  .i  are  generally  rock-lH)unil, 
less  often  drift-blocked,  and  which  spill  over  their  lowest  ed^e 
in  a  more  or  less  ill-defined,  sometimes  braided  stream,  char.-.- 
terized   by  a  succession  of  rapids  or   falls,  to  the  next   lowest 


Kli;.  II.  -Junclion  of  the  Thelon  and  llanbury  Rivers,  Di.strict  of  Mackrn/ie. 

{Photoerafik  h\  J.  W.  Tyrrell.  iQoa.) 

basin.  The  lower  courses  of  the  streams  flowing  across  the 
Hudson  Bay  coastal  plain  arc  generally  well  defined,  the  streams 
lying  in  valleys  incised  beneath  the  surface  level  of  the  coastal 
plain  and  drift  deposits. 

In  the  Labrador  area  the  main  streams  in  their  upper  courses 


Fig.  12.— View  on  the  Upper  Thelon  River  from  Cairn  Mill,  Uistricl  nf  M.ickcn/ie. 

iPholograph  by  J.  W.  Tyrrtll,  /ijini.i 

upon  the  surface  of  the  plain  belong  to  the  general  type  of 
streams  upon  the  upland.  When  they  approach  the  margin  of 
the  plain,  however,  they  are  found  to  occupy  well-defined,  often 
gorge-like  valleys  incised  in  t'^e  Archrean  locks  of  the  jilatcau. 
often  to  a  considerable  depth  beneath  its  surface.  As  a  conse- 
quence of  this,  it  is  found  that  the  lower  courses  of  almost  all 
the  streams  entering  Hudson  Bay  on  the  east  are  characterized 
by  a  long  series  of  falls  and  rapids,  and  are  impassable  by 
I  canoes,  thus  necessitating  long  portages  when  it  is  desired  to 
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r.a    "nci  c..n5ideraWc  volume  and  ^^;'';j     P'^.^^^te.  ;  they  flow  w.th 

l.vs  cut  t.fU.w  the  ^'e.>eral  le^  el.  constant  success>on  of  heavy 

b     oa.e  aceper.and  the  "-rs  a  J  ah^-«  ,_  ^,„,  u.ey  flow  w.th  . 

S^as  ana  fans  untiMhey^J^ad^t^^^^^^,^,,,   .^^  ^  ,.er   vaUe, 

-'^"^'•^  ,^"":a  ;:      a  "s  of  Post-Phocene  age.  (.3.  P-  -) 
between  clay  ana  sami  country  does  no 

0„  .he  Stillwater  River  ^^^^^J^^  oAhe  valle 

for  several  .rules  aboNe  ^^^  surrounding  region.     Re  e. 

feet  below  the  g-"'^"^ ^^'    ^^  ^^e  streams  flowing  from  centr; 

nng  to  the  ^-^^''^^^^'''^^"11  Bay.  he  states: 
Labrador  northward  to  ^ngava  B  >  ^^^^  ^,^^  ^^^  ^^^ 

For  .xty  mUes  below  the  ''^  ^t^^^^^J'f jj,  ,He  general  surface  or  ra^ 
of  the  central  area.  «»- "'=^''  ""/^^.e  and  in  consequence  is  made  up  oi 
nils  al'  the  aepressions  along  .ts  «urse  ^^^^^^^^^  ^^  ^^^ 

succession  of  lake  expans.ons  '^°"";";';„„>^,^  ^y  large  islands.     Below 
Je "ver  ,s  often  broken  into  several  channe        y  ^^^^^^^^  ^^^^,, 

Ji  t  nee  the  channel  -"«--  -^  ^  J^^U  ^dow  the  level  of  the  surrou 

to  hundred  feet  -10  a  d.st.n       alley  we  ^^^^^^^^  ^ 

in,  coun.rv  ;  and  from  there  to  .ts  mo  ^  ^^^^  ^^^^^  ^^^  ,„,„, 

„r„e,  cut  down  into  the -Ud jcj  «--  ^  ^^.^^  .^ 

,.,  country.     Between  the  h-   ^"d  ^  ^^^  ,_^^^^^  ^"""^'°"  le 

,n,es  lower  down  stream.   ^^^       ,^  „„,  „,ed  by  the  Ind.ans.    At   he 

rg:;rrSrc;::tr:iver  passes  through  a  narrow  cleft. 
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rocks  and  fall*  more  than  three  hundred  feet  in  less  ihnn  a  mile.  Ilelow 
Katon  Cafton  the  river  continues  with  a  very  rapid  current  for  one  hundreil 
and  seventv-five  miles  to  where  it  joins  the  Larch  Kiver,  a  ver\  l.irv;e  branch 
from  the  westward,  yn,  (>.  210.) 

One  of  the  best  examples  of  tliis  type  of  river  valley  is  that 
of  the  Hamilton  River.      Low's  description  is  as  follows: 

The  Hamilton  River  like  the  Koksoak  and  all  the  other  lari;c   river;,  of 
Lal>radi>r  flows  in  a  distinct  valley  cut  flown  far  below  the  (,'eneral  It-vcl  of  the 
surrounding   country.     If    Hamilton    Inlet,  which   is  only   a   |>ortioii   of    the 
ancient  valley  now  sunk  below  sea  level,  is  included,  the  mam  valley  extends 
inland  nearlv  four  hundred  miles,  and  its  present  bottom  is  from  six  hundteil 
to  twelve  hundred  feet  below  the  surface  of  the  surrounding  t.ible  land.     The 
upper  portion  of  the  river  flows  nearly  on  a  level  with  the  lower  portions  of 
the  central  tableland,  and  like  the  Kanapiskau  spreads  out  into  lakes  or  in 
other  places  is  broken  into  several  channels  by  lar>,'e  islands,  so  that  it  is  often 
ditilicult  to  define  or  follow  the  |)rinclpal  channel.     Near  the  (Iraml  Kall.s  the 
river  changes  from  7.  meandering  stream  that  follows  the  lower  levels  of  the 
general  surface,  and  contracting  into  one  channel  is  precipitated  into  the 
ancient  deeply  cut  valley.     In  twelve  miles  this  great  river,  with  a  volume 
nearly  equal  to  that  of  the  Ottawa  where  it  flows  past  the  Capital,  falls  seven 
hundred  and  sixty  feet  from  where  it  issues  from  a  narrow  carton  into  the 
wider  valley.     The  first  part  of  the  descent  is  seven  miles  of  rapids  with  a 
total  fall  of  two  hundred   feet.      The   river  then  contracts   into   a   narrow 
inclined,  rocky  trough  down  which  it  rushes  with  a  tremendous  velocity  ami 
is  spurted  out  in  a  solid  mass  over  a  steep  precijiice  into  a  circular  b.-isin 
three  hundred  feet  below.     The  basin  into  which  the  river  falls  is  about  two 
hundred  yards  wide  and  is  nearly  surrounded  with  vertical  rocky  cliffs,  that 
rise  five  hundred  feet  above  the  w.iter  ....  From  the  basin  the  river  rushes 
out  through  a  narrow  caflon  cut  vertically  into  the  rock  at  right  angles  to  the 
falls.     This  cafton  on  the  level  of  the  surrounding  table-land  is  from  one 
hundred  to  three  hundred  feet  wide,  but  at  its  bottom  is  often  less  thai;  fifty 
feet  across.     Down  this  narrow  zigzag  gorge  the  river  rushes  in  a  continuous 
rapid  with  a  fall  of  two  hundred  and  sixty  feet  from  the  basin  to  where  it 
issues  into  the  wider  ancient  valley  eight  miles  away.     (  27,  p.  212.) 

In  the  report  on  the  southern  portion  of  I'ortneuf,  (Juebec, 
and  Montmorency  counties,  Quebec,  Low  notes  that 
The  rivers  falling  from  the  high  interior  plateau  are  much  broken  by  rapids 
and  falls,  and  owing  to  their  rapid  descent  are  liable  to  great  and  sudilen 
variations  in  volume  of  discharge  ....  The  valleys  of  the  rivers  and  their 
tributary  streams  are  deep,  with  almost  perpendicular  walls,  rendering  cross 
country  travel  very  arduous,  and  in  places  impossible,  while  the  dense  forest 
growth  adds  to  the  difficulties  and  hides  many  of  the  rock  exposures. 
(25.  P-  7-) 


^^^"-  f  the  ccntr.a  portion  of  the  peneplain  south  of 

3,r  r;:e:e:;:"  ::^Hat^in..a.  featu..     Ba.ow  draw. 

attention  to  the  fact  that  ^^^^  ^^^^^^^^  ^^^^^^^^  ^, 

Pr„..abl>  .,ne  of  .he  most  '"'""'^J^La'ke  T  miscaming  and  the  O.taw: 
,he  d.stric.  .s  .he  vaUey  --cu,.-ed  b>    LaW  ^  ^^       ^^^^^  ^^^^^,   ^^^ 


^^^     ^*^     ,         „e   o{  the   Hamilton   River,  ir.medi.tely  below 

.„,,,,...„.  fo.  h.d.^.-  -r  i?t:s: -- 

.he  water,  while  the  average  of  a    a^e         ^^^^^^^  ^^^^      ^^^ 

.,e  lake  has  a  n,ean  J^P  7J^°7„„,,  be  about  one  thousand  feet  be 
therefore,  occu,>.ed  by  these  waters  w  ^  ^^^^^  ^^^  ^^^  ^^^^  ^^„, 

,h.  level  of  the  -"°.""'»'"«  ^""t^;^!*  of  a  very  fine  gray  unctuous 
exanuned.  consisted  m  the  deeper  portu^n  ^^^^^^  ^^^  accumulat.a 

or  silt,  this  depth  may  have  b«"  "^f^outh  of  the  Montreal   River  t 
this  material.     From  Mattawa  to    he  mo  ^^  ^^^.^  ^^^^^^ 

abrupt  and  rocky  shore-lmes  prevad.  but  aboN  e  t  ^  ^^^^  ^^^ 

Lue  undergoes  considerable  expans.n  a.^d^tj.e^sh^^^^  ^^^^^^^^^  ^^^ 

,,ope  towards  the  surface  of  th« jate  ^^^^  ^j,^^^,^„  „(  the  d.s 

K,er  is  thus  usually  .mpressedw,th. hem  ^^^^  ^^^  ^^.^ 

hut  an  ascent  of  the  hills  °"  ^fj^ J'^'^^i^ppeared  as  a  range  of 
deep  and  important  depressions  tn  th.s  rock)  p 
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On  the  western  arm  of  the  |>ene|>latn  the  upland  still 
presents  the  same  general  features.  The  head-waters  of  all  the 
rivers  flowing  to  James  Bay,  where  they  flow  over  Arch.ian 
rocks,  alternate  between  long  lake-like  expansions  with  little 
current,  anil  short,  contracted  portions  characterized  by  rapiil* 
and  falls.  Where  they  cross  the  ancient  or  modern  coastal  plains 
the  fall  is  uniform,  and  usually,  e.xcept  at  tinies  of  hii;h  watrr, 
thcv  present  an  almost  unbroken  succession  of  small  shalldu 
rapids  full  of  bowlders  and  gravel  bars.      (Sec  Low,  23,  j).  18.) 

Tyrrell  draws  attention  to  the  fact  that 

A  particularly  noticeable  feature  of  the  "  IJarrcn  I.aiiils"  is  the  ab»ciu'c  of 
vallcvs  for  the  r'.vers.  The  Telzoa  River  probably  the  lar^esl  stream  in  all 
that  country,  is,  through  the  greater  part  of  its  course  from  Daly  Lake  m 
the  head  of  Chesterfield  Inlet,  merely  a  succession  of  lakes  of  l.irger  nr 
smaller  size  lying  in  original  depressions  in  the  till  or  rock,  mnnectfd  by 
stretches  of  rapid  water  flowing  in  one  or  more  shallow,  tortuous  and  often 
ill'detined  channels  frequently  chocked  with  boulders.     (33,  p.  395.) 

The  deep,  steep-sided  gorges  cut  below  the  level  of  the  plain 
arc  less  in  evidence  on  its  western  part.  Shallower  gorges  occur, 
but  generally  only  for  short  stretches  along  the  rivers.  There 
are,  however,  a  number  of  broadly  open  valleys,  more  or  less 
occupied  by  sediments,  which  have  been  provisionally  classed  as 
Cambrian.     Tyuell  states 

It  would  seem  probable  that  the  drainage  has  always  followed  the  main 
valleys  which  still  trench  the  surface,  running  more  or  less  at  right  angles  to 
the  mountains.  The  pre-Cambrian  valley  of  Chesterfield  Inlet,  extending 
eastward  towards  Hudson  Strait,  and  westward  towards  Great  Slave  Lake, 
and  th*^  post-Cretaceous  valley  of  the  Saskatchewan,  extending  towards  the 
lower  valley  of  the  lower  Nelson  I'.iver,  and  many  other  valleys  running  mure 
or  less  parallel  to  these,  go  to  prove  the  general  correctness  of  this,  statement. 
(35.  P-  149-) 

The  partial  re-excavation  of  some  of  these  depressions,  occu- 
pied at  least  in  part,  by  early  Paleozoic  sediments  has  given  rise 
to  the  eastern  extension  of  the  basins  of  Lake  Athabasca,  Great 
Slave  Lake,  and  G  cat  Bear  Lake.  Reference  has  already  been 
made  to  the  valley  of  Chesterfield  Inlet,  and  it  is  not  improb.-iblc 
that  Wager  River  (or  Inlet)  north  of  this  owes  its  origin  to  a 
similar  cause. 


f^^^  MIRED  »'.  O.   HII.SOS 

•l'"  "";  ?■  :,    ,;     K  n     ;,;  .™  .na  .ho  U,.,«r  >l„niU„n  Ri.o„. 

'^i^r:';:;'::;  ;;;:.'r, :;':::.  ".*„n  »»,-.,.»„  be,„. 

;;         ':■   o      ..c,l«o  „(  .W  in>o,ior  Hlau-au.  .li|,,..n«  -award  a. 
iKlocol,  .      s  .,,||.dcfin.<l  c>,c..a  from  toward  .h. 

;i::,''    ■..  'lar;",c  ,o,„  o,  .h.  cue«,a  ,s  ....merged,  W.  >h. 

1  I    . .,  -,  ^,.rits  of  coasta   IS  ands. 

'""""  ■:  ;  :  :  ;'  n^;^  :Z  ^..,  vane,-  before   noted  as 
occur  m  ^^c  northern  p  ^      Ordovician  strata  are 

:K:i:ri;;^lat:NiJ:i.bas.nSorthofLaUeSuperio^^ 
p:  i  u  a  V  to  the  south  and  west  of  Lake  Nip.gon  .s  a  weU^ 
do,^d  scries  of  non-fossilif.rous  ferruginous  sandstones  and 
Inls  resting  upon  the  penepia.n.  and  ^^^^^ 
form  Subsequent  to  the  development  of  the  cuesta  form  on 
e  e  scdin,entarv  outliers  they  seem  to  have  been  over^ 
;;::.,  with  diabase  sheets,  and  in  some  cases  the  earl.er  land 
form  has  been  ..reserved  beneath  the  more  recent  flow 

ToX'^nu-  dcf>ress,ons.-.A  comparative  study  of  the  var.ous 
aep  cssil-;  which  go  to  make  up  the  relief  of  the  penepl-  sur 
f Je.  as  it  is  today,  suggest  a  provisional  recogn.t.on  of  three 

''t'VJLad.  shallow  depressions  between  the  more  or  less 
hummockv  or  undulating  ridges  which   occur  upon  the  upland 
t         and' which  are  probably   in  the  main  of  contemporaneou 
;,Hgin  with  the  surface  of  the  peneplain,  and  are  presumably  due 
to  local  d.fferential  erosion,  and  subsequent  denudation. 

V)  Ikoad.  open  depressions,  which  are  generally  m  part  occu- 
pied bv  sediments  provisionally  classed  as  Cambrian. 
'  ,)  Deep,  narrow  channels,  in  places  gorges,  with  steep,  of  en 
inac  essiblo  sides,  distinctly  incised  beneath  the  ^e-l  o  the 
adjacent  upland.  (These  are  of  two  types,  short  and  relatively 
shallow,  and  long  an.l  generally  deep.) 
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,/)    The  upland  dtf>resiions. —  In  consiilcrinfif  the  drainage  fea- 
tures of  the  whole  jjcneplain,  it  is  found  that  the  drainage  basins 
I  if  the  larjjcr  river  systems  indicate  approximately  the  existence 
(.f  large,  amphitheatcr-likc  basins,  each  draining  toward  its  own 
median  axis.     When  the  topography  is  considered  more  in  detail, 
it  is  found  that  each  of  these  drainage  b.-»sins  is  divided  into  a 
number  of  minor  basins,  each  with  its  local  ilrainage  system  more 
or  less  imperfectly  developed.      For  the  most  part    the   minor 
depressions  of  these  local  basins  arc  occupied  by  small  lakes, 
usually  with  rock  basins,  the  water  in  each  of  these  local  basins 
si.illing  over  the  lowest  edge  to  the  next  lowest  one  below.     The 
depth  ot  these  minor  depressions  on  the  peneplain  surface  below 
the  level  of  the  water  in  the  basin  rarely  exceeds,  and  is  usually 
much  less  than,  the  elevation  of  the  adjacent  ridges  above  the 
same  datum  level.     In  parts  of  the  area  the  surface  of  the  pene- 
plain submerged  approximates  as  much  as  25  percent,  of  the 

whole. 

The  water  filling  of  a  number  of  the  adj.icent  minor  depres- 
sions may  reach  an  elevation  sufficiently  great  to  unite  many  of 
them  into  a  large  lake  or  series  of  lakes,  dotted  with  islands, 
where  the  ridges  between  the  adjacent  minor  basins  project  above 
the  surface  of  the  water.  These  island-dotted  lakes  are  one  ■>( 
the  most  characteristic  features  of  most  of  the  uplands.  ( )ne  ..f 
the  finest  and  an  easily  accessible  example  of  this  type  ol  lake 
is  Temagami  in  "  New  Ontario."  The  eastern  shore  of  Cieorgian 
Hav,  with  its  "thirty  thousand  islands"  marks  the  place  where  a 
small  section  of  the  peneplain  passes  beneath  the  water  level  of 
Lake  Huron. 

Upland  lakes,  in  basins  of  the  type  here  described,  when 
occurring  in  the  vicinity  of  divides,  often  have  outlets  in  two 
directions.  At  the  present  time  Temagami  h  is  two  outlets,  a 
portion  of  its  water  eventually  reaching  the  Ottawa  River,  and 
another  portion  flowing  to  Lake  Nipissing  and  Georgian  Hay.  A 
rise  of  a  few  feet  would  give  the  I  tke  four  outlets.  Reindeer 
Lake  in  eastern  Athabasca  is  a  large  lake  on  a  divide  between 
the  Churchill  and  Mackenzie  River  b.t  -ins.  A  i)art  of  its  waters 
flow  south  and  then  eastward  via  thr  Jhurchill  River  to  Hudson 
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IVn  and  part  of  the  waters  flow  via  the  Cochrane  R.ver  and 
Woliaston  Lake  to  Lake  Athabasca,  and  eventually  reach  the 
Arctic  Ocean.  Similar  lakes,  both  large  and  small,  with  outlets 
i„  two  directions,  are  quite  frequently  found  manywhere  upon 

the  peneplain.  . 

;,  Depressions  containing  sedimentary  deposits. --W^^  occurrence 
of  v-iUevs  occupied  bv  sediments  which  have  been  assigned  to 
tl,e  Canlbrian  has  been  reported  by  Low  in  Labrador  and  by 
Tvrrell  in  northern  Keewatin  and  eastern  Mackenzie.  Reference 
has  -dready  been  made  to  some  of  these  in  a  previous  section; 
the  occurrence  of  Paleozoic  sediments  in  the  basins  of  Lakes 
Nii-issing,  Temiscaniing.  St.  John,  and  Mistassinni  has  also  been 

noted.  ,  •        ..u   I 

I  ow  in  describing  these  valleys  in  Labrador  mentions  that 
the  streams  are  often  from  500  to  1. 000  feet  below  the  level  of 
the  plateau.  The  heads  of  the  valleys  are  from  IQO  to  300 
miles  from  their  mouths,  and  at  the  upper  ends  the  rivers  descend 
from  the  level  of  the  interior  in  a  succession  of  heavy  falls 
through  narrow  gorges,  where  processes  of  erosion  are  at  pres- 
ent slowly  extending  and  deepening  the  valleys.  The  valley  of 
the  Hamilton  River  he  describes  as  being  from  700  to  1,200  feet 
below  the  level  of  the  plateau.  In  some  cases  these  ancient  val- 
leys have  been  more  or  less  filled  with  glacial  debris,  and  the 
modern  streams  for  parts  or  all  of  their  lengths  have  taken  new 

courses. 

Some  of  the  depressions  in  which  these  sediments  occur  seem 
to  be  ancient,  broadlv  open  valleys,  and  are  considered  by  those 
who  have  had  the  opportunity  of  studying  the  region  in  the  field 
as  of  pre-Cambrian  age-In  the  case  of  Chesterfield  Inlet.Tyrrell 
notes  that  the  sides  are  deep  and  in  places  cliffed.  Back's  descrip- 
tion of  the  country  immediately  north  of  the  east  end  of  Great 
Slave  Lake  would  lead  one  to  infer  that  the  sides  of  this  valley 
were  also  well  defined." 

In  the  Labrador  regions  the  margins  of  the  depressions  in 
which  the  pre-Cambrian  sediments  (so-called)  occur  are  well 
defined.     This  is  strikingly  true  of  tlie  lower  and  partly  sub- 

■  See  also  Kig.  q. 
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merged  valley  of  the  Hamilton  River.  The  Mistassiniii  (icpression 
is  bounded  by  a  well-marked  scar|)  on  the  southeast,  and  a  less 
iletinite,  but  still  distinct,  margin  on  the  northwest. 

The  Lake  St.  John  basin  seems  to  bo  of  a  distinctly  grahen 
tvpe;  its  margin  is  well  defined,  often  cliffed  or  scarpeil;  an<l  all 
llic  streams  tributary  to  the  lake  spill  over  the  edge  of  the  basin 
from  the  adjacent  u[)land  each  in  a  series  of  waterfalls  and  cas- 
cades, often  visible  many  miles  away  from  the  open  lake. 

The  sediments  in  Lake  Temiscaming  and  Lake  Nipissing  basins 
are  in  vallevs  lying  below  the  level  of  the  plain.  The  sediments 
in  the  vicinity  of  Lake  Nipigon  rest  directly  upon  the  plain,  and 
rise  above  its  surface. 

In  the  greater  number  of  cases  it  seems  that  there  is  a  well- 
defined  margin  to  the  vallev.  In  the  case  of  some  of  those  in 
the  localities  referred  to  above  it  may  be  possible  that  they  ante- 
date the  peneplanation  epoch,  and  that  the  sediments  lying  within 
them  have  been  partly  re-e.xcavated  since  then.  In  the  case  of 
Lake  Nipissing  and  Lake  Temiscaming  depressions,  and  possibly 
in  the  case  of  Lake  St.  John  and  Lake  Mistassinni,  the  depres- 
sions mav  also  be  of  a  date  antecedent  to  the  i)eneplan.ition. 

Harlow  notes  with  regard  to  the  Lake  Temiscaming  depres- 
sion, and  of  others  in  that  vicinity,  that  they  bear  no  significant 
relation  to  the  direction  of  the  movement  of  the  glacial  ice,  in  fact, 
thev  lie  at  various  angles  up  to  as  much  as  ninety  degrees  to  the 
general  direction  of  the  movement  ot  the  ice-sheet.  He  also 
notes  that  many  of  them  cut  across  hard  and  soft  rocks  alike, 
and  are  independent  of  the  strike  of  the  structure  of  the  rocks. 
The  character  of  the  bounding  walls,  and  the  |)reservation  of 
I'aleozoic  sediments  in  the  bottoms  of  many  of  these  valleys, 
would  suggest  that  they  are  grabcn  formed  after  the  deposition 
of  the  sediments,  and  that  the  sediments  are  preserved  in  them 
because  they  were  below  the  base  level  of  erosion  at  the  time 
when  the  balance  of  the  similar  sediments  on  what  are  now  the 
adjacent  uplands  were  removed.  The  fact  that  in  many  cases 
streams  cascade  down  the  sides  of  these  valleys  in  ungraded 
channels  suggests  that  this  faulting  has  been  quite  recent.  It  is 
doubtless  possible  that  in  some  cases  where  these  valleys  oj)en 
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out  on  tbc  coast,  that  han^nn,,'  lateral  valleys  may  be  due  to  the 
deepening  and  widening  of  the  main  valley  by  an  .ce-stream ; 
but  n>anv  of  the  tv;  e  of  depressions  here  referred  to  not  only  he 
in  regions  which  can  never  have  been  at  the  edi^e  of  the  .ce- 
sheets  when  ihev  were  in  motion  (or  at  least  at  their  pomts  of 
discl>ar-e),  but  ieem  to  be  completely  inclosed  by  the  boundmvr 
scarps  except  for  the  narrow  outlet  through  which  the  present 

drainage  jjasses. 

In  the  majoritv  o'  ...ses  there  is  not  sufficient  available  evi- 
dence to  warrant  an  extended  discussion  of  this  very  interesting 

problem.  .  ,    ,       n  j 

A    Gor-c  ami  ovmm  rv/Z/^'^.- Narrow,  steep-sided  valleys  aud 

.rorges,  sometimes  many  miles  in  length,  sometimes  only  exte.'d- 
ing'for  short  distances,  are  of  frecpient  occurrence  in  various 
parts  of  the  peneplain.  Reference  has  already  been  made  to  a 
number  of  them  which  are  known  to  occur  in  the  Labrador  area, 
through  which  the  drainage-  of  the  interior  upland  passes  down 
to  Hudson  Bav.  to  the  River  St.  Lawrence  or  to  the  Atlantic 
Ocean.  One  o'f  the  most  interesting  of  these  is  the  gorge  of  the 
Hamilton  River,  described  by  Low'  as  occurring  above  the  more 
broadly  open,  partly  submerged  pre-Cambrian  valley  (so-called) 
of  the  lower  part  of  the  same  river.  The  numerous  rivers  which 
enter  the  Gulf  and  River  St.  Lawrence  from  the  northwest  in 
every  case  pass  through  deep,  steep-sided  valleys,  often  canyons 
with  unscalable  walls,  at  times  cut  to  a  depth  of  over  one 
thousand  feet  below  the  level  of  the  peneplain.  The  valley  of 
Moisie  has  been  described  by  Hindc.  the  Bersimis  by  Low.  the 
Saguenay  the  best-known  of  all.  by  Laflamme  and  Dumais. 

Farther  west  the  depression  occupied  by  the  lower  part  of 
Lake  Temiscamingandthe  Ottawa  River  as  far  down  as  Mattawa 
seems  to  belong  to  this  category.  In  the  immediate  vicinity  of 
Lake  Tcmiscaming  there  are  a  number  of  other  gorges  and 
valleys,  the  former  much  narrower  and  smaller  than  the  Temis- 
caming  depression,  cut  beneath  the  surface  of  the  plain,  at  times 
even  across  weak  and  hard  rocks  alike,  independent  of  the 
structure. 

'  See  above  p.  641. 
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The  edj^e  of  the  plain  along  the  north  shores  of  Lake  Huron 
anil  Lake  Superior  stands  at  a  considerable  elevation  above  these 
water  bodies,  and  there  are  many  soiith-rto\vin>(  streams  in  tliis 
locality  occupying  steep-sided  valleys  incised  well  beneath  the 
peneplain.  In  the  northwest  part  of  the  area  similar  ^orge-like 
valleys  occur,  but  they  are  generally  smaller,  shorter,  and  are 
less  prominent  features. 

So  far  as  known,  the  valleys  of  this  class  are  never  found  to 
be  occupied  by  pre-Cambrian  sediments  and  always  have  a  well- 
defined  "shoulder,"'  where  the  gradient  curve  of  the  valley  side 
intersects  the  flatter  curve  of  the  upland  surface,  and  in  their 
general  relations  suggest  that  they  date  their  origin  from  a  time 
subsequent  to  the  period  of  planation. 

6.  Monadnocks. —  In  the  various  descriptions  which  have  been 
(luoted    above    it    will    be    noted    that    frequent    reference    is 
made  to   the  occurrence  of   residual  domes  and  ridges   which 
stand    prominently   above    the    generally    even  surface   of   the 
peneplain.     In  northwestern   Labrador  there  is  a  narrow  range 
of  mountains  described  in  part  by  Bell   (5)  and  by  Daly  (9),  ' 
reaching    in    places  an  elevation    of   about    six  thousand    feet 
above  sea-level.     The  range  is  narrow,  having  only  a  width  of 
about  fifty  miles.      The  somewhat  meager  descriptions  would 
lead  one  to  infer  that  this  range,  like  that  of  the  less  rugged 
Adirondacks  in   New  York  state,  represents  residual  mountain 
peaks  which  have  not  been  reduced  to  the  peneplain  condition. 
With  the  exception  of  these  two  small  and  widely  separated 
areas,  the  residual  elevations  rising  above  the  peneplained  surfare 
are  generally  more  or  less  isolated  domes  and  ridges,  and  they 
are  found  in  all  parts  of  the  region.     Their  elevation  and  develop- 
ment seem  to  depend  largely  on  the  character  of  the  material 
of  which  they  are  composed,  and  of  the  material  by  which  they 
are  surrounded.     The  most  prominent  monadnocks  known  within 
the  area  seem  to  be  those  mentioned  by  Barlow  and  McOuat  as 
occurring  in  the  region  west  and  north  of  Lake  Temiscaming, 
where  hard  quartzite  ridges  stand  in  places  as  much  as  seven 
hundred  feet  above  the  plain.     The  Baraboo  ridge  in  Wisconsin, 
■See  41.  p.  155- 
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an  oullyin^r  monadnock  ridge  rising  through  the  Paleozoic  sedi- 
ments is  comparable  with  these,  and  it  is  not  impossible  that  its 
height  above  the  peneplain  on  which  it  stands,  but  whose  surface 
i„  this  vicinitv  is  obscured  by  the  sediments,  may  be  even  greater. 
Another  c'xcell.-nt  example,  and  one  of  considerable  historic 
intc-rest  in  cor.nection  with  Logan's  early  work  on  the  geology 
of  the  Arch^i^an,  is  Trembling  Mountain,  lying  north  of  the 
Otfwa  River,  and  to  the  northwest  of  the  city  of  Montreal, 
The  mountain  is  a  domed  monadnock  rising  over  8oo  feet  above 
the  general  level  of  the  plateau,  and  about  2,380  feet  above  sea- 

'^  -/:,?/(•«— Reference  has  already  been  made  to  the  fact, 
chiracter.stic  of  the  whole  area,  that  the  majority  of  the  minor 
depressions  on  the  surface  of  the  peneplain  form  innumerable 
rock-basins  in  which  the  water  gathers  to  form  large  and  small 
island-dotted  lakes.  In  addition  to  lakes  of  this  class,  which 
are  usually  very  shallow  and  with  very  intricate  shore  lines,  we 
occasionally  find  several  other  tyiies. 

One  uf  the  commonest  of  these  is  longitudinal  lakes  occupy- 
ing old  vallevs  which  are  more  or  less  blocked  by  debris  or  by 
other  geologic  causes,  in  some  cases  presumably  differential 
uplift  There  are  other  examples  of  long,  narrow  lakes  whose 
depressions  are  ascribed  to  the  erosion  of  softer  dikes.  Over 
fifty  vcars  ago  Agassiz  drew  attention  to  the  fact  that  many  of 
the  bays  and  points  on  the  shores  of  Lake  Superior  owed  their 
origin  "to  the  erosion  of  soft  dike  rocks.  More  recently  Bell  has 
explained  the  origin  of  certain  channels  along  the  Lake  Huron 
shore,  and  the  longitudinal  basins  of  certain  inland  lakes  north 
of  Lakes  Huron  and  Superior,  by  a  similar  process. 

The  most  interesting  of  the  lakes  of  the  longitudinal  type  is 
that  of  Temiscaming  and  the  "Deep  River"  of  the  Ottawa 
adjacent  to  it.  Dr.  Barlow's  description  of  this  lake  has  already 
been  mentioned,  and  his  description  of  the  character  of  the 
depression  which  it  occupies  has  been  quoted  above.  Whether 
the  depression  is  of  the  grabcn  type,  somewhat  similar  to  Lake 
Tanganyika  in  central  Africa,  or  whether  it  is  to  be  ascribed  to 
the  blocking  or  warping  of   a  preglacial  gorge   is  at  present 
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impossible  to  say.  The  character  of  the  walls  and  the  occurence 
of  Silurian  sediments  within  the  basin  certainly  suggest  that  it  is 
of  the  graben  type. 

THE    I'ENEI'l.AIN    FACETS. 

The  relations  of  the  Paleozoic  sediments  around  the  southern 
border  of  the  plain  to  the  peneplain  surface  suggest  several 
interesting  problems.  In  a  former  paper  (4O  the  writer  drew 
attention  to  the  fact  that  there  seem  to  be  some  grounds  for 
surmising  the  existence  of  at  least  two  peneplains  cut  upon  the 
Archaean  rocks  and  meeting  at  a  very  low  angle.  The  data  on 
which  this  suggestion  was  based  are  in  part  repeated  here,  with 
the  addition  of  a  few  facts  since  obtained  which  bear  on  the 
same  subject. 

In  the  earlier  part  of  this  paper  attention  was  drawn  to  the 
remarkably  even  sky-line  exhibited  by  the  plain  everywhere  in 
the  interior,  and  it  was  mentioned  that  the  average  gradient  in 
the  interior  rarely  exceeded  four  feet  per  mile.     In  the  central 
part  of  the  province  of  Ontario  it  is  found  that  radially  from  the 
upland  surface  in  the  vicinity  of  Haliburton  Lake  (the  highest 
point  in  th's  part  of  central  Ontario)    to  a  number  of  points 
along  the  base  of  the  Ordovician  escarpment  between  Georgian 
Bay  and  Kingston,  the  average  gradient  over  the  surface  of  the 
peneplain  is  nearly  nine  feet  per  mile.    At  Toronto  a  well  boring 
has  shown  that  the  crystallines  are  about  eleven  hundred   feet 
beneath    the    present    surface.      Two    other    borings  —  one    at 
Cobourg  and  the  other  in  the  township  of  South  Fredericksburg — 
mdicate  f       the  floor  is  over  five  hundred  and  over  six  hundred 
feet   respectively  below    the    surface  at    these    localities.     The 
average  gradient  beneath  the  sedimentary  cover  along  a  series  of 
lines  from  the  foot  of  the  Ordovician  escarpment  to  the  bottoms 
of  these  borings  indicates  that  the  gradient  beneath  the  cover 
varies  from  twenty-two  feet  per  mile  in  the  western  portion  of 
the  distric     t  over  forty-one  feet  per  mile  at  the  eastern  end. 
The  relative  attitudes  of  these  two  surfaces  are  represented  in 
Fig.  14,  where  AB  represents  the  edge  of  a  cross-section  of  the 
plain  beneath,  and  A'Cthe  edge  of  a  cross-section  of  that  outside 
the  sedimentary  area.     Such  a  comparison  is  quite  justifiable 
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because  the  numerous  outliers  north  of  the  edge  of  the  escarp- 
ment indicate  that  the  surface  over  which  the  average  gradients 
on  the  Arch.x'an  have  been  taken  has  been  at  one  time  buried 
beneath  the  sediments,  and  this  surface  has  a  remarkably  even 

sk\  -line. 

In  tile  province  of  Manitoba,  at  Deloraine,  a  well  has  been 
driven  to  a  depth  of  1,943  feet  below  the  surface  and  108 
feet  into  the  Dakota  sandstone.  The  bottom  of  the  well  lies 
about  2Q9  feet  below  sea-level  and  1,009  feet  below  the  surface 
cf  Lake  Winnipeg.  The  Archiean  surface  beneath  the  sediments, 
li.aking  no  allowance  whatever  for  Silurian  and  Ordovician 
sediments   which   probably   underlie  this   sandstone,   must   thus 
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have  a  gradient  of  about  si.x  feet  per  mile,  and  probably  it  is 
actuallv  more  than  double  this  amount.  East  of  Lake  Winnipeg 
the  gradient  upon  the  Archaian  to  the  summit  of  the  sub- 
divide, along  the  same  line,  is  less  than  two  feet  per  mile. 

The  relative  positions  of  these  two  plains  (reference  to  a 
possible  third  plain  upon  the  surface  of  the  Paleozoic  sediments 
is  here  omitted)  suggest  certain  problems,  which  may  be  sum- 
marized thus : 

1.  Do  these  two  plains  represent  two  distinct  peri.^ds  of 
planation  ? 

2.  Are  AB  and  BC  of  the  same  age,  but  now  discordant  by 
warping  ? 

3.  Did  the  former  plain  AB  once  extend  upward  in  the 
direction  of  BF? 

4.  Is  the  discordance  between  AB  and  BC  produced  by 
warping? 

It  should  be  added  that  the  data  at  present  in  hand  are  not 


THI-:  LAIKEXTI.W  rHXEI'l.A IX 


<>;? 


enough  to  determine  whether  AB  and  />Y"  rtjircsent  two  inter- 
secting plains,  or  are  portions  of  a  continuous  curve.  It  may  aNo 
be  noted  that  the  data  given  above,  taken  in  conjunction  with 
the  progressive  overlap  of  higher  and  higher  geologic  horizons 
upon  the  peneplained  surface,  as  one  i)roceeds  toward  the  north- 
west, suggest  that  there  are  even  more  th.in  two  peneplains. 
Each  plain  may  be  regarded  as  a  facet  cut  upon  the  Canadian 
shield.  During  the  long  interval  of  Paleozoic  time  a  succession 
of  these  facets  intersecting  at  very  low  angles  would  be  formed 
as  the  land  slowly  sank  and  the  successive  formations  were  laid 
down.  The  great  central  part  of  le  area  upon  whose  surface 
the  remarkably  low  gradients  have  >een  observed  would  repre- 
sent the  youngest  of  the  facets,  the  region  upon  which  the 
planation  processes  had  acted  longest.  The  partial  removal  of 
the  Paleozoic  covering  has  already  exposed  several  of  the  older 
facets. 

Similar  relations  to  those  noted  above  as  occurring  in  Ontario 
between  two  |)lains  of  degradation  upon  the  crystalline  rocks 
have  been  found  by  Van  Hise  in  Wisconsin  (38),  and  by  Smvth 
in  the  region  south  of  Lake  Superior  (31).  Darton  has  described 
a  somewhat  similar  case  in  Virginia  (10).  In  the  Grand  Canyon 
of  the  Colorado  we  have  an  actual  transverse  section  of  two  such 
intersecting  plains,  both  older  than  the  Cambrian,  but  meeting  at 
a  much  higher  angle  than  that  noted  for  the  two  plains  near  the 
margin  of  the  Canadian  shield. 
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From  a  physiographic  standpoint  the  Canadian  shield  can  be 
described  as  an  ancient  peneplain  which  has  undergone  differ- 
ential elevation;  has  been  denuded,  and  subscijuently  slightly 
incised  around  the  uplifted  margin.  At  several  places  on  the 
margin,  as  exposed  today,  the  dissection  mav  be  regarded  as  sub- 
mature.  Around  the  southern  margin  between  Montreal  and 
Winnipeg  there  are  traces  of  a  peneplain  (or  probablv  more  than 
one)  of  still  earlier  date,  upon  which  Paleozoic  sediments  were 
laid  down,  and  which  has  been  uncovered  by  processes  of  degra- 
dation and  denudation  since  the  differential  u|)lift  of  the  latest 
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|)ciic|ilaiii.  The  rt7,Mon  is  now  in  an  extremely  youthful  stage  of 
a  new  ijeo^'raphic  cycle.  It  is  bordered  on  the  west  and  south 
l)v  a  belted  ancient  coastal  plain  whose  mature  drainage  adjust- 
nients  have  been  subseijuently  modified  by  glacial  action,  and  in 
part  bv  differential  ujjlift.  On  the  southeast  the  normal  develop- 
ment of  tin-  ancient  coastal  plain  has  been  in  part  retarded  and 
modified  bv  urogenic  movement  and  ilynamic  process.  Traces 
of  the  normal  coastal  |)lain  development  are,  however,  in  evidence 
in  a  number  of  localities  between  Montreal  and  Anticosti. 

The  inner  concave  margin  of  the  ])lain  is  marked  by  a  depres- 
sion occuj)ied  by  the  waters  of  Hudson  Bay.  To  the  south  and 
southwest  of  the  southern  part  of  the  bay  there  are  traces  of  an 
ancient  f)elted  coastal  plain  with  a  convex  south -facing  cuesta 
development.  For  the  most  part  this  ancient  coastal  plain  is 
buried  beneath  glacial  debris  and  the  sediments  of  the  young 
coastal  plain,  the  latter  being  superposed  upon  the  former.  This 
vouni,^  coastal  plain  borders  Hudson  Bay  on  all  sides,  and  the 
conse(|uent  drainage  from  the  interior  has  incised  well-defined 
valleys  in  the  soft  glacial  and  marine  deposits,  the  interstream 
areas  being  little  dissected.  This  modern  coastal  plain  is  of 
varving  width  up  to  a  maximum  of  nearly  one  hundred  and  fifty 
miles. 

The  denuded  peneplain  surface,  although  destitute  of  mantle 
rock  ///  situ,  is  strewn  with  glacial  debris  often  of  considerable 
amount.  In  the  interior  of  Labrador  this  material  is  often  very 
coarse,  consisting  of  huge  blocks  and  bowlders,  with,  however, 
considerable  amounts  of  finer  debris.  In  the  j^arts  to  the  south 
of  James  Bay,  jjarticularly  in  the  Moose  River  basin  and  as  far 
south  as  the  height  of  land,  the  plain  is  almost  completely  buried 
beneath  unmodified  and  modified  glacial  drift.  Glacial  drift  in 
amount,  often  fine-textured,  at  times  coarse  rock  debris, 
oL>.iirs  over  the  whole  of  the  western  portion  of  the  peneplain. 
There  are,  however,  areas  of  considerable  extent  where  the 
amount  of  drift  is  verv  limited. 

In  the  Labrador  region  there  is  a  limited  forest  growth  in  the 
hollows.  Most  of  the  interior  is  bare  and  barren.  In  Quebec 
and  in  Ontario  south  of  James  Bay  the  region  is  densely  forested. 
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The  forests  extend  over  the  western  portion  of  the  jdain  to  a 
short  distance  north  of  Cire.it  Slave  Lake.  Beyond  tins  the 
region  is  treeless,  moss-covered  tundra.  .South  of  the  fon  ->t  lim- 
there  are  frecjuenlly  larj^e  areas  floored  with  i;lacial  drift  .ind 
forming  numerous  muskegs  (or  swamps)  above  whose  surfaces 
the  crystalline  ridges  and  giicial  kames  anil  eskers  project. 

SOMK    I'KOIII.KMS    OF    (iK.NF.K.M,    INTKKl^r. 

Aside  from  the  strictly  geologic  problem  of  the  origin  and 
relations  of  the  rock  coni|)lex  of  which  the  Canadian  shield  is 
composed,  there  are  a  number  of  secondary  problems  of  interest 
alike  to  the  geologist  and  to  the  physiographer.  Although  it  is 
not  proposed  to  enter  into  an  elaborate  discussion  of  anv  ol  these 
problems  at  present,  the  time  seems  not  inopportune  to  outline 
a  few  of  those  which  are  of  general  interest,  and  which  are  closely 
associated  with  one  another. 

I.  The  former  extent  of  the  Paleozoic  cover. —  The  first  of  these 
which  suggests  itself  is  one  to  which  reference  has  often  been 
made.  Did  the  Paleozoic  sediments  ever  extend  across  the 
interior  divide?  Opinion  seems  somewhat  divided  on  the  answer 
to  be  given  to  this  question.  No  doubt  additional  light  will  be 
thrown  upon  it  when  the  fauna  of  the  Paleozoic  sediments  occur- 
ring to  the  south  of  Hudson  Bay  can  be  adetjuately  studied. 
The  occurrence  of  the  inlying  areas  of  Paleozoic  deposits,  already 
referred  to  as  occurring  in  the  several  depressions  between  Lake 
Mistassinni  and  Lake  Nipigon,  is  generally  regarded  as  strong 
evidence  of  the  extension  of  these  sediments  at  least  across  that 
portion  of  the  plain  which  lies  to  the  south  of  Hudson  Bay. 

To  the  physiographer  the  problem  has  an  added  interest  from 
the  fact  that,  if  these  sediments  once  extended  completely  across 
the  peneplain,  the  questions  arise :  Is  the  present  surface  of  that 
jilain  approximately  the  one  upon  which  thev  rested;  or  has  the 
surface  upon  which  they  were  deposited  been  removed  long 
since?  Would  it  be  represented  by  the  extension  of  the  pene- 
plain of  earlier  date  (which,  it  has  seen  shown  above,  probably 
exists)  toward  the  locus  of  the  present  main  divide  ? 

The  answer  to  these  queries  seems  to  be  intimately  associated 
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witli  the  second  prohiL-iii  whicli  suggests  itself:  What  is  the 
orij^in  of  the  penc|>laiii  surface  as  to  the  time  and  process?  At 
present  it  is  cjuite  certain  that  the  e\  idence  available  is  inade- 
([uate  to  solve  the  problem. 

2.    riu  siduiiriiil  origin  of  the  peneplain  and  the  dote  of  origin  of 
the  prim ipid  pl.itn. —  As  already   noted,  the  stratigraphic  studies 
ot   W'aicott,  Schiichcrt,  Ulrich,  and   others   have  shown  that   at 
the   bei,nnmng   uf  Ortlovician    time   the  ^'reater   portion   of  the 
Canadian  shield  was  above  sea-level,  and  that   since  earlv  Cam- 
brian  time  it  has  never  been  whollv  submerj^jed.     The  work  of 
I.allanime,  Adams,  Lawson,  and  others  has  shown  that  alonjij  the 
southern  marj^in  of  the  peneplain   from   Lake  St.  John  to  Lake 
Winnipei^,  where  the  plain  passes  beneath  the  (Jrdovician  sedi- 
ments, it  |)ossesses  the  same  hummockv  character  and  fresh  rock 
surface  as  it  docs  in  districts  remote  from  the  margin.     Between 
the  farthest  outliers  (e.\clusive  of  the  outlying  areas  which   may 
owe  their  preservation  to  the  downthrow  of  fault  blocks)  there  is  a 
bell  of  the  uncovered  presedinientary  surface,  which   shows  all 
the  features  everywhere  characteristic  of  the  modified  peneplain. 
Hence  not  only  must  the  portion  of  the  plain  adjacent  to  the 
areas  now  overlaid  b.y  Paleozoic  sediments  be  of  Jjre-Ordovician 
date,  but  the  dissection  which   it  has  undergone  must  also  be 
pre-Ordovician.     The  dissection  is  regarded  as  of  different  date 
from  the  planation,  because  the  gradient  curves  of   the    valley 
sides  are  not  accordant  with  the  flatter  curves  of  the  surface  of 
the  plain,  often  meeting  the  latter  at  an  angle.     The  valleys  are 
regarded  as  younger  than  the  plain,  because  in  no  single  instance 
do   they   contain  sediments   that    have  been   derived   from    the 
adjacent  plain.     Along  the  margin  of  the  plain   their  filling  is 
always  of  the  same  materials  as  that  with  which   the  plain   itself 
is  covered  —  usually  Ordovician  limestone.     The   forms  of  the 
valleys  and  their  relations  to  the  plain  are  such  that  they  would 
not  be  attributed  to  marine  erosion. 

During  the  transgression  of  the  Ordovician  se^  it  is  conceivable 
that  the  earlier  surface  of  subaerial  origin  may  have  been 
replaced  by  one  of  marine  planation,  assuming  a  time  interval 
long  enough.     It  is  now  generally  admitted  that  during  a  time 
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interval  of  sufficient  'luration  t<i   |iiTmit  <if  the  riuinil.itioii  uf  .i 
plain  of  marine  |)lr.nati(in  of  any  consiilerahle  hreaiitli,  tiie  l.itnl 
of  a  very  much  larj^er  area  woulil  he  reduced  alinnst  t>i  h.ise- 
level  f)V  subaerial   processes.      If  so,  temporarilv  assumitii,'  that 
the  marj^in  of  the  peneplain,  from  which  the  l'alei>/oic  scdnmiits 
are  known  to  have  been  removed,  owes  its  plain  character  to  m.iriiie 
planation,  it  would  follow  that  tiie  interior  jMirtion".  were   princi- 
pally of  subaerial  orij^in.     If  the  marginal   |uirtion  of  the  plain 
owed  its  plain  character  to  marine  erosion,  we  should  expect   to 
find  the  debris  removetl  from  the  ridges  deposited  in  the  hollows, 
since  the  waves  and  currents  tend  always  to  produce  an  evcnlv 
j^ratlcd  floor.     In  the  field  no  trace  of  this  can  be  found.      The 
Ordovician  limestones  often  rest  directly  upon  the  plain  surface 
and  pass  down  into  the  ailjacent  hollows  where  the  sides  are  not 
very  steep.     Where  they  are  steep  the  lower  betls  abut  against 
the  valley  walls   and   are   conformably  overlaid   bv   bctls  which 
rest  upon  the  plain.     Nowhcic  h.is  any  accumulation  which   can 
be  regarded  as  distinctively  a  product  of  marine  planation  been 
reported.      Fossils  (corals,  crinoids,  orthoceratites)  are  found  in 
the  lower  limestone  beds  sometimes  within  a  few  inches  of  the 
Arch.tan  rock,  in  some  few  cases  actually  attached  to  it.      From 
the  fact  that  these  are  not  comminuted  it  may  be  inferretl  that 
the  conditions  of  transgression,  at   least  in  the  localities  where 
they  occur  were   such    that   the  waters  were   moderately   (piiet ; 
and  from  the  absence   of  arenaceous  deposits  in  many  of  the 
localities  it  may  be  concluded  that  the  rate  of  transgression  was 
comparp.tively  rapid  —  presumably  too  rapid  too  permit  of  sig- 
nificant marine  planation. 

That  the  rate  of  depression  was  probably  too  rapid  for  signifi- 
cant marine  planation  isalso  suggested  by  the  fact  that  everywhere 
beneath  the  surface  of  the  sediments  the  .\rch,ian  rocks  are 
found  in  a  perfectly  fresh  and  undecayed  condition. 

Thus  although  tne  area  must  have  been  exposed  to  marine 
planation  at  the  time  of  Ordovician  submergence  there  is  reason 
to  believe  that  the  conditions  of  submergence  were  such  that 
the  pre-existing  surface  which  must  have  been  of  subaerial  origin 
can  have  been  but  little  modified.     The  distribution  of  overlying 
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areas  of  Paleozoic  sediments  siij^irests  that   the  relatively  rapid 
de|iressinii  uhicli  eonliniieil  througli  Ordovician  time  continued 
until  near  tlic  clu>e  of  the  Silurian,  and  it  is  probable  that   the 
middle  part  ul  the  plain  was  completelv  submerifed.     The  eai 
ern  and  western  parts  of  the  plain  were  still  above  water-level. 
If  the  middle  portion  was  completely  submerjjed  at  this  time,  it 
must  have  been   re-ele\.ited  anti   the  sedimentary  cover  in   part 
removed,  for  Devonian  corals  have   been   found   in   the   Hudson 
Hay  basin  with  their  bases  attached  to  bosses  of  ^Xrchiean  rocks. 
The  Devonian  sandstones  tlankinfj  the  peneplain  on  either  side 
also  suujjest  that  the  middle  portions  of  the  plain  were  subject 
to  suhaerial  de^'radatii  n  durinjj;  at  least  a  portion  of   Devonian 
time.     Of  the  history  of  the  (.greater  portion  of  the  region   from 
the  close  ol  the   De\(>nian  to  the  be^nnning  of  the  Pleistocene 
there  i^  no  sedimentary  record  closely  associated  with  the  pene- 
plain. 

1  he  late  Mesozoic  has  been  shown  to  have  been  a  period  of 

e.\teiisi\e    peneplanati   .i    throughout   most   of    North    America. 

In  New  Vuk  and   Pennsylvania  to  the  south,  in  Wisconsin  and 

Michigan  to  the  southwest,  the  remnants  of  the  planation  surface 

have   been   recognized.      In  the    far   northwest   strata  classed  as 

Cretaceous   are    found    resting    apparently   upon    the   peneplain 

surface.     The    relations  of    Cretaceous    sediments  to  a   surface 

apparently  coincident  with  the  |)lain  cut  upon  the  Archxan  rocks 

of  Wisconsin  also  suggests  that  this  plain  is  Cretaceous.     It  thus 

.seems  not  improbable  that  the  planation  processes  of  the  same 

l)eriod,  working  northward  and  eastward   from   these  areas  and 

southward  from  the  Arctic  regions,  may  have  in  part   produced 

the  younger  of   the   two   (or  more)    plains    upon  the  Arch;ean 

areas  in  Canada. 

The  southern  margin  of  the  plain  south  of  Methy  portage  and 
around  nearly  to  the  city  of  Montreal  is  probably  of  Paleozoic 
(ami  j)re-l'aleozoic  I  age,  since  there  is  little  doubt  but  that  it  was 
once  covered  with  Paleozoic  sediments.  Whether  this  is  true  of 
all  that  .section  which  lies  between  the  outliers  before  noted  as 
v>ceiirring  in  the  basins  of  a  number  of  lakes  near  the  central 
.iivitie  seems  doubtful.     The  more  detailed  study  of  these  basins 
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may  show  that  the  I'alcozoic  sediments  which   thi'\  ciiiit.iin,  ami 
which  are  in  every  case,  except  that   uf  Lake   Nl|>i^;l)^,  siifniti- 
cantly  below  the  level  of  the  peneplain,  are  preservnl  Itecaiiso 
thrown  into  their  present  protected  jKJsitions  t)v  the  tlownthrow 
of  gra  .  :    hU)cks.      If  so,  the  prubahilitv  of  this   pl.iin  bciiii;  ot 
Cictrt       ■'  -   '^le  will  be  strengthened.     What  --icni^  to  be  a  ruin- 
parable  case  is  known  in  Scandinavia.      The  e.irliir  setlinieiiiary 
rocks  were  dislocated  by  a  series  of  faults;  later  jilanatiiin  l«tt 
only  a  few  small   patches  at  base-level   upon   the   duwnthrown 
parts  of  the  tilted  blocks.     Sul)se<|uent  elevation  ol  the  whole 
area,  and  erosion  of  these  softer  remnants,  produced  a  series  of 
depressions  in  some  of  which  are  still   found   ist)late<l  patches  of 
the     soft    rocks.     The     lower    jw)rtions    of    these    depressions 
freiiuentlv   form  lake  basins,  the  most   imjiortant  of  which  arc 
Boren,  Roxen,  Glau,  and  Hraviken." 

So  far  as  the  geolojfical  record  is  known,  it  appears  that  the 
Labrador  portion  of  the  peneplain  has  never  been  subinerijed 
since  Paleozoic  time.  To  this  long  exposure  to  sut)aerial  erosion 
may  be  attributed  the  extremely  low  average  gradients  of 
approximately  one  foot  per  mile,  the  lowest  found  anywhere 
upon  the  plain. 

3.  The  origin  of  the  basins,  valleys  and  gorges. — The  minor 
ba:>ins  upon  the  upland  surface,  now  forming  the  basins  of  small 
lakes,  undoubtedly  owe  their  origin  to  processes  of  differential 
disintegration  and  subsecpicnt  erosion  and  denudation  by  some 
agency.  The  last  denuding  agent  in  operation  was.  of  course, 
the  Pleistocene  ice  .heets.  There  is  some  (juestion,  however,  as 
to  whether  the  denudation  of  the  surface  is  due  to  these  ice- 
sheets,  ui  to  some  earlier  ice-sheet,  or  to  some  other  cause. 
Reference  will  be  made  to  this  in  discussing  the  fourth  problem. 
The  origin  of  the  valleys  and  gorges  incised  beneath  the 
plain  to  a  significant  degree  presents  some  features  of  particular 
interest.  Those  in  which  the  Cambrian  sediments  lie  may  be 
older  than  the  sediments  which  they  contain,  and  in  that  case 
would  be  of  much  earlier  date  than  the  main  peneplain  surface. 

■See   also   Eighteenth  Annual   Report   State  Geoloifist  of  NVw  York.  I'art  V, 
pp.  143  ff. 
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The  gorge-like  valleys,  free  from  Paleozoic  sediments,  and  the 
canyons,  one  would  be  inclined  to  think,  date  their  origin  from 
a  time  subsequent  to  the  planation  period.  Tlieir  immature 
form,  as  compared  with  the  broader  preCambrian  valleys  (so 
called),  and  the  absence  of  any  Paleozoic  sediments  between 
their  walls  suggest  this.  Most  of  them  are  pre-glacial,  but  some 
few  are  post-glacial. 

The  processes  by  which  they  were  excavated  no  doubt  were 
various.  Mention  has  already  been  made  of  the  opinions  of 
Agassi/,  and  Hell  that  some  of  them  owe  their  origin  to  the 
erosion  of  soft  disintegrated  dike  rocks.  This  may  be  true  in  a 
few  isolated  cases.  In  the  great  majority  of  cases,  however, 
particularly  of  the  larger  of  these  gorges,  other  and  more  gen- 
eral |)rocesses  must  have  been  in  operation. 

Given  time  enough,  there  can  be  no  (juestion  but  that  the 
normal  processes  of  river   erosion  could    produce  these    deep 
canyons  or  steep-sided  valleys.     So  far  as  we  know  at  present, 
this  seems  to  have  been  the  process  by  which  most  of  the  deep 
gorges  and  canyons  cut  below  the  level  of  the  Labrador  pene- 
plain were  excavated.     Low  notes  with  respect  to  the  canyon  of 
the  Hamilton,  just  below  the  Grand  Falls,  that  the  river  in  its 
erosion  of  this  gorge  has  been  guided    by  two  series  of  joint 
fractures,  so  that  the  canyon  has  a  somewhat  zigzag  course.    Mr. 
Low  has  also  drawn  the  writer's  attention  to  the   fact  that  there 
are  several  instance  where  an  old  valley  has  been  blocked   by 
glacial  debris,  and  the  streams  flowing  in  the  upper  portions  of 
the  valleys  are  turned  aside,  and  have  already  cut  well-defined 
canyons,  in  .some  cases  of  considerable  length,  in  the  crystalline 
rocks.     It  is  to  be  noted  that  the  canyon  of  the  Hamilton  River 
enters   the  older  valley,  to  which   reference   has  already   been 
made,  from  the  north  side.    The  old  valley  continues  inland  for  a 
considerable  distance  beyond  the  junction  of  the  present  Hamil- 
ton River,  via  the  canyon,  with  the  lower  part  of  the  stream  in 
the  older  valley.     Mr.  Low  regards  this  canyon    as   of    post- 
glacial origin  and  due  to  erosion  by  the  large  stream  which  now 
rushes  through  it. 

The  problem  of  the  origin  of  the  deep  canyons  across  the 
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Laurentian  swell  bv  which  the  drainage  from  the  main  diviilc  in 
the  interior  of  Labrador  reaches  the  St.  Lawrence  River  is  much 
more  complex.  One  would  expect  the  drainage  of  such  a  rei^iun 
to  find  its  way  outward  toward  the  southwest,  somewhere  alunjj 
the  line  of  the  present  St.  Maurice  River.  At  the  |)rcsent  time 
almost  all  the  streams  flow  nearly  at  rij^ht  angles  to  this  appar- 
ently normal  direction  and  cross  the  St.  Lawrence  swell  in  very 
straight  courses  by  deej),  steep-sided  gorges  or  canyons. 

The  transverse  drainage  has  been  explained  by  assuming  that 
the  gorges  through  which  the  streams  flow  were  produced  by 
some  cataclysm,  either  by  the  production  of  gigantic  gaping  fract- 
ures or  by  the  down  faulting  of  narrow  graben  blocks.  The  only 
evidence  upon  which  this  theory  is  based  seems  to  be  the  exist- 
ence of  the  gorges  themselves,  and  the  apparent  difficulty  of 
otherwise  accounting  for  the  courses  of  the  incisions  in  a  direc- 
tion which  is  almost  at  right  angles  to  what  would  be  considered 
the  nornval  one.  There  are,  however,  at  least  two  other  well- 
known  processes  by  which  features  such  as  these  could  be  nor- 
mally developed. 

In  the  first  place,  the  swell  may  not  have  been  in  existence 
at  the  time  when  the  streams  were  first  beginning  to  flow  and  the 
gorges  were  not  cut.  The  edge  of  the  plateau  may  have  been 
arched  up  slowly  by  the  same  forces  which  produced  the  Ajipa- 
lachian  folds  of  the  New  Foundland  and  Acadian  areas,'  or  by 
more  recent  dynamic  processes.  Provided  this  gentle  arching  pro- 
ceeded slowly  enough,  the  streams  might  have  persisted  in  their 
original  direction,  apparently  a  consecjuent  one  (as  suggested 
below)  sawing  their  way  into  the  ridge  as  rapidly  as  it  rose. 
In  brief,  the  streams  may  be  antecedent  rivers.  While  this  pro- 
cess was  going  on  in  the  southeast,  the  rivers  on  the  other  side 
of  the  main  divide  would,  provided  they  had  an  equal  capacity 
for  work — a  function  of  their  volume  and  grade  —  have  been 
competent  either  to  have  cut  out  longer  and  deeper  gorges  or 
to  have  widened  their  valleys.  The  information  at  present  avail- 
able is  not  sufficient  to  decide  the  question.     Mr.  Low  has  drawn 

'  Daly  has  recently  shown  that  the  post- Pleistocene  lieaches  on  the  northeast  cnast 
of  Labrador  have  undergone  differential  elevation  since  they  were  formed  (0). 
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the  writer's  attention  to  the  fact  that  the  bottoms  of  the  channels 
of  the  westerly  and  northwesterly  flowing  streams  are  almost 
jj^radcd,  although,  on  account  of  the  steepness  and  shortness 
of  the  descent  from  the  plateau  to  the  coastal  plain,  they 
are  an  almost  continuous  series  of  impassable  rapids.  On  the 
other  hand,  in  the  case  of  the  channels  of  many  of  the  streams 
flowing  to  the  St.  Lawrence  we  find  a  series  of  step-falls  or 
rapids  with  (juiet  reaches  above  and  with  steep  canyon  walls 
beside  the  falls,  so  that  these  latter,  though  they  have  cut  out 
deep  valleys,  are  yet  in  a  less  mature  stage  than  those  on  the 
other  side  of  the  divide. 

It  should  also  be  noted  that  the  general  direction  along  which 
the  streams  would  develop  by  normal  erosive  processes  would  be 
determined,  as  in  the  case  of  the  gorge  of  the  Hamilton  River, 
by  lines  of  structural  weakness  in  the  rocks,  not  necessarily  by 
lines  of  open  fracture. 

A  second  theory  would  regard  the  majority  of  these  valleys 
as  the  incisions  of  superposed  streams.  The  ^.il^ozoic  sediments 
in  the  basin  of  Lake  St.  John  are  usually  v  d  to  indicate  a 

transgression  of  the  Paleozoic  sea  into  t.  !  ity,  and  at  least 
suggest  that  at  one  time  the  whole  adjat  u  gion  was  buried 
beneath  the  I'aleozoic  sediments.  The  ..naii  remnant  of  an 
ancient  belted  coastal  plain  found  between  Montreal  and  Quebec, 
and  farther  east  in  Anticosti  and  the  Mingan  Islands,  show  that 
there,  where  the  Paleozoic  sediments  were  undisturbed  by  the 
orogenic  movements  of  late  Paleozoic  time,  normal  processes  of 
erosion  produced  normal  topographic  forms.  It  seems  not 
unnatural  to  suppose  that  consequent  streams  developed  on  the 
coastal  plain  would,  when  they  reached  the  hard  rock  beneath, 
have  still  persisted  in  their  initial  consequent  direction.  In  this 
connection  attention  may  be  drawn  to  a  gorge  on  the 
Bctsiamites  River.     Low  writes  : 

Next  turning  to  the  northeast,  the  river,  for  a  distance  of  eight  miles, 
tireaks  in  a  straight  line  through  the  Labradorite  hills,  which  form  almost 
vertical  walls  on  either  side,  rising  from  two  hundred  to  four  hundred  feel 
above  the  water  (20,  p.  7). 

The  description  of  the  river  course  and  the  country  on  either 
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side,  below  and  above  this  gorge,  would  suggest  that  the  Labra- 
dorite  hills  here  referred  to  rise  as  a  monadnock  above  the  level 
of  the  plain,  and  that  the  stream  to  cut  through  them  must  have 
been  superposed  upon  them. 

Whether  these  gorges  were  developed  by  catastrophic  pro- 
cesses, or  owe  their  origin  to  antecedent  or  superposed  streams, 
or  to  some  othc    cause,  a  few  of  them  have  probably  been  mod- 
ified by  subsequent  ice-action.    In  all  cases  they  lie  in  a  position 
transverse  to  the  direction  of  ite-motion.    In  many  cases,  partic- 
ularly toward  the   northeast,  the    probability  is   that   the    ice, 
retarded  in  its  progress  from  central  Labrador  by  the  ascent  of 
the  main  divide,  had  little  effect.      Toward  the  center  and  west- 
ern part  of  this  division  of  the  plain,  in  the  vicinity  of  Lake  St. 
John  and  elsewhere,  the  effect  of  the  glacial  ice  in  modifying 
these  valleys  is  more  apparent.     Writing  of  his  ascent  of  the 
P  islamites  River,  Low  mentions  incidentally  a  tributary  of  this 
river  which  "descends  into  the  valley  by  a  beautiful  falls,  over 
one  hundred  feet  high"  (20,  p.  6).      The  main  valley  varies  in 
width  from  a  quarter  of  a  mile  to  over  a  mile,  and  is  more  or 
less  filled  with  glacial  debris.     The  relation  of  this  tributary  lat- 
eral valley  to  the  main  valley  certainly  suggests  that  the  main 
valley  has  been  significantly  widened  and  deepened  by  a  glacial 
distributary  from  the  interior.     The  best-known  of  the  gorges  is 
that  of  the  Saguenay.    It  is  a  typical  fiord  valley  with  ice-scoured 
sides.     Its  relation  to  the  St.  John  basin  suggests  that  it  owes 
its  present  form  to  the  scouring  by  an  ice -stream  which  made  its 
way  outward    from    the   basin.      The    Labrador  ice,    although 
retarded  in  its  flow  by  the  ascent  of  the  main  divide,  would 
attain  a  considerable  thickness  in  this  basin  after  it  had  passed 
the  divide.     Although  it  probably,  at  one  time,  passed  over  the 
St   Lawrence  swell,  the  main  ice-stream,  after  leaving  the  St. 
John  basin,  moved  toward  the  southwest.      If,  however,  there 
existed  a  deep  river  canyon  leading  outward   from   the  basin, 
similar  to  the  many  found  farther  northeast,  the  depth  of  ice  in 
the  basin  and  the  tendency  for  the  pressure  to  force  the  ice  out- 
ward in  every  direction  along  the  lines  of  least  resistance  would 
cause  an  ice-stream  to  pass  out  in  this  direction  toward  the  St. 
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Lawrence,  even  at  a  time  when  no  significant  amount  was  pas- 
sing over  the  subdivide  between  the  basin  and  the  river.  This 
icc-strcam,  moving  in  a  well-defined  channel,  would  deepen  and 
widen  the  pre-existing  river  gorge.  It  thus  seems  prcSable  that 
the  Sagiienay  gorge  may  be  regarded  as  the  channel  or  a  glacial 
distributary  from  the  St.  John  basin,  and  that  it  was  in  existence 
prior  to  the  advent  of  the  ice,  as  a  stream  channel  similar  in 
form  to  those  which  exist  farther  northeast  and  show  no  signifi- 
cant modification  of  form  due  to  ice-action. 

With  reference  to  the  older  valleys,  north  of  the  main  divide 
in  Labrador,  containmg  pre-Cambrian  sediments,  the  descriptions 
available  are  inade(]uate  to  enable  one  to  determine  whether 
they  have  been  significantly  widened  and  deepened  by  icc- 
crosion.  In  the  case  of  the  old  valley  of  the  Hamilton  River 
lateral  tributaries  plunge  or  cascade  over  the  margin  into  the 
main  valley.  This  may  be  true  of  other  similar  valleys.  It  has 
already  been  intimated  that  the  lack  of  adjustment  between  the 
tributary  and  the  main  valley  may  be  due  to  relatively  recent 
downfaulting  of  graben  blocks. 

Reference  has  already  been  made  to  the  possible  origin  of 
the  submerged  gorge  of  Lake  Temiscaming  and  the  Ottawa 
River  valley  above  Mattawa. 

There  are  also  a  number  of  minor  gorges,  such  as  those 
mentioned  by  Barlow  as  occurring  on  the  peneplain  west  of 
Lake  Temiscaming,  whose  courses  are  in  some  cases  transverse 
to  hard  and  soft  strata  alike ;  or  others,  such  as  the  gorge  on 
the  Upper  Abitibi  mentioned  by  Parks,  which  may  be  the  chan- 
nels of  superposed  streams,  may  have  been  eroded  along  the 
line  of  weak  dike  rocks,  or  may  be  due  to  some  other  cause. 

4.  The  origin  of  the  smoj.h  fresh  surface  of  the  Archaean  rocks. — 
As  has  been  intimated  in  the  previous  description  of  the  pene- 
plain, the  old  soil  cover  of  subaerial  origin  has  everywhere  been 
removed.  For  this  has  been  substituted  a  covering  of  material, 
much  of  which  undoubtedly  was  derived  from  the  Archaean  ter- 
ranes,  but  almost  all  of  which  has  been  brought  to  its  present 
resting-place  by  the  aid,  direct  or  indirect,  of  the  Pleistocene  ice- 
sheets.     Uncovered   Archaean  bosses  often  project  above  this 
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secondary  cover.    Everywhere  that  the  bed-rock  surface  is  known, 
whether  covered  or  not,  it  presents  a  smooth,  hard  surface,  free 
from  the  products  of  decay  in  situ.     But  not  only  is  this  true  of  the 
portion  of  the  plain  remote  from  the  bordering  Paleozoic  sedi- 
ments, but  the  work  of  Laflamme,  Adams,  Lawson,  and  others  has 
shown  that  it  is  true  of  the  localities  adjacent  to  and  undtr  the 
TaleoEoic  cover.'     Around  the  southern  border  of  the  peneplain, 
in  the  Lake  St.  John  region,  in  the  Moose  River  basin,  and  in  a 
few  other  localities,  the  actual  contacts  between  the  Paleozoic 
sediments  and  the  pre-sedimentary  peneplain  surface  are  known. 
In  these  cases  it  will  be  recalled  that  the  peneplain  facet  upon 
which  the  sediments  rest  is  probably  that  of  an  earlier  cycle 
than  the  main  Canadian  peneplain.     Now.  in  every  case  where 
these  contacts  have  been  met  with  and  examined  it  is  found : 

1.  That  the  crystalline  rock  surface  under  the  sediments  in 
situ  is  as  little  altered  as  in  the  ice-scoured  surface  perhaps 

twenty  feet  away. 

2.  In  some  few  localities  the  pre-sedimentary  crystalline  sur- 
face retains  some  traces  of  decay,  such  as  pits  and  pockets,  now 
filled  with  small  outliers  of  sediments,  isolated  mure  or  less  from 
the  larger  masses.  Such  pitted  surfaces  occur  near  Kingston. 
The  best  known  case  is  that  described  by  Bell  as  occurring  on 
Benjamin  Island,  Lake  Huron. 

3  In  only  one  locality  south  of  the  main  divide  has  an  actual 
arkose  which  is  presumably  derived  from  the  decay  of  nearby 
granitic  rocks,  been  reported  in  situ.  This  forms  the  lowest 
member  of  the  Ordovician  series  of  the  locality,  ana  rests  upon 
the  fresh  surface  of  a  gneiss.  The  basal  members  of  the  pre- 
Cambrian  rocks  in  northern  Labrador  are  arkoscs  whose  mate- 
rials probably  have  not  been  transported  very  far. 

As  regards  the  apparently  significant  absence  of  arkose 
deposits  (which  might  be  regarded  as  old  soils  in  situ)  from 
beneath  the  Paleozoic  sediments,  it  is  to  be  noted  that  m  almost 
all  cases  where  the  actual  contacts  between  the  sediments  and 
the  crystallines  are  known  they  occur  at  the  summits  or  on  the 
flanks  of  the  crystalline  ridges  or  domes.  So  far  as  the  author 
■  For  reierences  and  details  see  41.  pp-  146  53- 
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is  aware,  no  case  has  been  reported  in  which  the  actual  contact 
between  the  two  was  located  in  or  near  the  bottom  of  one  of 
the  characteristic  pre-sedimcntary  basins.  In  fact,  it  unfor- 
tunatilv  happens  that  most  of  these  contacts  must  be  below  the 
present  local  water  level.  Hence  at  present  we  are  only  justified 
in  stating  that  the  summits  and  sides  of  the  crystalline  ridges 
beneath  the  sediments  are  as  bare  and  as  little  decayed  as  are 
the  similar  ridges  away  from  the  sediments. 

The  condition  of  the  surface  beneath  the  sediments  shows 
that  processes  which  could  produce  a  denuded  fresh  rock  sur- 
face were  in  operation  long  before  the  Pleistocene.  As  to  what 
these  processes  may  have  been  there  is  considerable  room  for 
divided  opinion. 

Glacial  erosion  would  seem  to  be  competent  to  remove  soft 
material  from  localities  where  disintegration  had  penetrated 
deeper  than  elsewhere.  In  the  process  it  would  scour  the  less 
disintegrated  residuals  and  would  thus  produce  the  characteristic 
to])ography  of  the  upland  everywhere.  The  depth  to  which  it 
would  scour  the  bed  rock  itself  is,  of  course,  at  present  indeter- 
minate away  from  the  regions  underlain  by  sediments,  but  it  has 
proiluced  no  noticeable  discordance  between  the  parts  of  the 
buried  crystalline  ridges  protected  by  the  sediments  and  closely 
adjacent  [jarts  not  thus  protected.  Again,  if  the  bare,  fresh  sur- 
face has  been  produced  by  glacial  scouring,  it  would  seem  that 
we  must  infer  a  pre-Paleozoic  glacial  period  during  which  the 
sub- Paleozoic  pene|)lain  was  scoured  off.  Of  such  a  period, 
beyond  the  existence  of  the  scoured  plain  itself,  there  is,  in  the 
regions  under  discussion,  no  known  recorded  evidence. 

In  this  connection  it  maybe  well  to  recall  that  Dr.  Geikie  has 
described  a  somewhat  similar  surface  occurring  over  a  small  area 
of  Laurentian  gueiss  in  northwest  Scotland  (Ross  and  Suther- 
land counties).  He  drew  attention  to  the  fact  that  this  mam- 
millated  surface  passed  beneath  the  younger  sediments,  and 
notes  that  it  is  strongly  suggestive  of  presedimentary  glacial 
erosion. 

The   deep  soils   of  the    earlier   peneplain   might    have  been 
removed  from  the  ridges,  leaving  them  comparatively  fresh,  by 
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some  such  process  of  erosion  as  McGee  describes  under  tlic  title 
of  "Sheet  flood  erosion"  (28).  He  describes  the  surface  of  a 
portion  of  the  subarid  Sonora  district  in  southern  California  as 
being  a  plain  cut  on  crystalline  rocks,  with  little  soil  cover  in  situ. 
In  some  features  this  plain  resembles  that  of  the  Canadian  pene- 
plain, but  it  has  relatively  a  very  limited  area.  (In  the  Canadian 
peneplain,  however,  the  basins  as  well  as  the  ridges  arc  free  from 
rock  debris  in  situ. 

The  normal  processes  of  subaerial  erosion  or  of  marine  ero- 
sion do  not  seem  competent  to  remove  the  material  from  the 
basins  as  well  as  from  the  ridges  ;  and,  in  addition,  they  do  not 
produce  residual  land  forms  with  surfaces  so  little  decomposed 
as  are  the  crystalline  surfaces  everywhere. 

Alfred  VV.  G.  Wilson. 

McGiLL  University, 
Montreal,  Canada. 
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